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TRANSACTIONS 

OF 

THE AMERICAN SOCIETY OF HEATING 
AND VENTILATING ENGINEERS 



No. 500 

THE TWENTY-FIFTH ANNUAL MEETING 

1919 



THE Twenty-fifth Annual Meeting of The American Society 
OF Heating and Ventilating Engineers was held in New 
York, N. Y., in the United Engineering Societies Building, 
on January 22, 23 and 24, 1919. It was perhaps the most notable 
Meeting in the history of the organization, as it was not only the 
twenty-fifth or "silver" anniversary, but marked two epochs of 
great importance, namely the passing of tha 1000-mark in mem- 
bership, and the announcement of the establishment of the pro- 
posed Research Bureau, so long anticipated by the Society. 

The Meeting was particularly characterized by the progressive 
spirit of reconstruction evidenced. The attendance was very sat- 
isfactory, the conditions of weather and railroad travel having been 
unusually favorable. Also, the newly adopted plan of holding 
the Meeting in the fourth week of January instead of the third, 
as formerly, has proved to be somewhat more convenient to the 
great majority of visiting members. The total registration at the 
Meeting was 240. Of these, 130 were Members and there were 
110 visitors. 

The opening session of the Meeting was the usual business ses- 
sion, devoted to addresses from the President and reports from 
various Officers and Committees of the Society. At this session, ap- 
plications were received for new Chapters of the Society, one in 
Western New York, with headquarters at Buffalo, and another in 
Pittsburgh, Pa. A feature of the business session was the final re- 
port of the Committee on Research Bureau, which was accepted by 
the Meeting as the inauguration of the work of this important So- 
ciety undertaking. Regulations were discussed and adopted for the 
government of the proposed Bureau and the Committee was there- 
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upon authorized to solicit subscriptions and initiate research work 
at the earhest opportunity. 

Of the professional sessions, three were devoted to particular 
subjects, the second session being devoted to questions of ventila- 
tion and air-conditioning in buildings, with i)articular reference 
to the important tests ot school-house ventilation; at another ses- 
sion held on Wednesday evening, there was a hearing on the 
Code for Tesring Low Pressure Heating Boilers with the idea of 
making revisions that rtiight be found necessary in the original 
report of this Committee in 1918, which is known as the 1J)18 Code ; 
on Thursday morning, the session was given over to the question 
of temperature control, an important paper and a Committee report 
on this subject receiving an extended discussion. 

The list of subjects covered a wide range and represented prac- 
tically every branch of the field of heating and ventilating engi- 
neering. The extended discussions with which the papers were 
received made the record of this Meeting one of the largest in 
the history of the Society. 

The papers presented at the Meeting are shown in the following 
program. Following this, is the report of the Committee on 
Research Bureau and thereafter the technical papers and their 
discussions in the order of their presentation at the Meeting. 

PROGRAM 

FIRST SESSION 

Tuesday. January 28, 2 P. M. 
Business Session 

Announcement of a quorum. 

Appointment of the tellers of annual election. 

Address of the President. 

Reports of the Council, Secretary, and Treasurer. 

Reports of Committees. 

Unfinished business. 

Report of tellers of annual election. 

New business. 

Applications for Chapter from Western New York and Western Pennsylvania. 



SECOND SESSION 

Tuesday, January 28, 8 P. M. 

Professional Session 
Paper : 
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THIRD SESSION 

lyednesday, January 29, 2 P. M. 

Professional Session 
Paper: 

Air Duct Design, by Leo Kraft. 
Paper: 

Arrangements of Heating Pipes An Important Factor in Decay of Fac- 
tory Roofs, by F. J. Hoxie. 
Paper : 

Dust Determinations in Air and Gases, by E. R. Knowles. 
Topical Discussion: 

Mine Ventilation. 

FOURTH SESSION 

Wednesday, January 29, 8 P. M. 

Professional Session 

Hearing on Code for Testing Low Pressure Heating Boilers. (Code pub- 

• lished in April, 1918 Journal, pages 519-22.) 

Topical Discussion: 

Clean-out Openings in Heating Boilers. 

FIFTH SESSION 

Thursday, January 30, 10 A. M, 

Temperature Control Session 
Paper : 

Fuel Conservation by Means of Automatic Temperature Regulation, by 
F. A. DeBoos. 
Paper : 

Report of Committee on Automatic Heat Control. 
Paper : 

A Test of the Conductivity of Window Shades, by John R. Allen. 
Topical Discussion : 

Capacities of Automatic Roof Ventilators. 

SIXTH SESSION 

Thursday, January 30, 2 P. A/. 

Professional Session 
Paper: 

Limiting the Fuel for Domestic Heating, by Konrad Meier. 
Paper : 

Engineering Economics of Heating, by M. W. Ehrlich. 
Paper : 

By-Product Coke, by William T. Harms. 
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REPORT OF COMMITTEE ON RESEARCH 
BUREAU 

The Committee on Research Bureau begs leave to submit the fol- 
lowing report: 

In view of the fact that definite action will probably be taken in 
the establishing of this Bureau, the Committee thinks it wise to re- 
view at this time the various steps that have led up to the present 
situation. 

During the Fall of 1916, Michigan Chapter held a meeting at the 
University of Michigan, at which the question of establishing a 
fellowship in some University by the Society was discussed, and in 
January, 1917, the matter was presented to the Society. As a result 
of the discussion at that Meeting, a resolution was adopted, which 
read as follows : • 

MOVED that a Committee be appointed to investigate the possibility of 
establishing a research laboratory on some basis and the ways and means of 
starting it, one member of this committee to be from the Council. 

The Committee, appointed to act on this resolution, consisted of 
the following: 

Geo. W. Barr, W. F. McDonald, 

Chairman. Wm. W. Macon, 

H. M. Hart, J, W. H. Myrick, 

J. D. Hoffman, Perry West. 

Upon Capt. Geo. W. Barr entering the Service. Mr. Perry West 
acted as temporary Chairman and presented the Committee's report 
at the January, 1918, Meeting and as a result of this report a motion 
was adopted as follows : 

MOVED that the report be referred to the Council with power to act, 
and with the recommendation that the plan be put into effect if found 
feasible. 

At a Council meeting of March 6, 1918, the matter was referred 
to a Committee consisting of all the members of the previous Com- 
mittee with the exception that Mr. J. I. Lyle was appointed to the 
Committee as Chairman, vice Capt. Barr. The Committee under- 
took to investigate the institutions which might be utilized in estab- 
lishing the Bureau of Research and was greatly pleased to receive a 
letter from Mr. O. P. Hood. Chief Enrineer of the Bureau of 
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It was decided by the Committee that, if the necessary funds could 
be raised, we should locate the Research Bureau at the Bureau of 
Mines laboratories at Pittsburgh. It was further agreed that we 
should start an active campaign during the early part of the Fall to 
raise the necessary funds for the operation of the Bureau. There 
were many things that interfered with the carrying out of this work, 
the principal ones being the Liberty Loan drives, the Red Cross, 
"7 in 1," and other war charity drives. The Committee, however, 
finally got started on the work early in December, and in this work 
the Committee has received and is receiving the greatest assistailce 
and co-operation both from the members of the Society and from 
the membership at large. 

The Committee wishes to extend particularly its thanks to Presi- 
dent Still, Vice-President Timmis, Secretary Obert, Treasurer Ad- 
dams, Mr. W. F. McDonald, Mr. E. E. McNair, Mr. J. H. Davis, 
Dr. M. W. Franklin and Mr. H. M. Hart, for the trips which they 
made in order to address the various Chapters on this subject. The 
Committee also feels particularly grateful for the work done by the 
following men as Chairmen on the soliciting Committees in their 
various localities: 



F. E. GiESECKE, W. F. McDonald, M. VV. Franklin, 

F. F. Bahnson, J. K. Allen. E. T. Murphy, 
A. S. Kellogg, G. A. Chaffee, S. E. Dibble, 
H. M. Hart, W. L. Moon, C. A. Booth, 

J. D. Hoffman, Arthur Ritter, T. F. Humphreys. 

G. B. Larimer, 

We think we can say that, as a direct result of this work, the 
number of Chapters of the Society has been increased from eight 
(seven active) to eleven. 

The campaign for subscriptions is proceeding as satisfactorily as 
can have been expected under the existing conditions. Our mem- 
bership has been quite scattered during the press of war activities. 
The membership has not been as closely in touch with the affairs of 
the Society as might have been desired. We were not well or- 
ganized in many districts and it is exceedingly complimentary to the 
membership that wonderful work has been accomplished. 

Up to date, I have in my hands about 350 subscriptions or pledges 
agreeing to pay to the Society for this Bureau, the sum of $6,981 
each year for five years. I have received and turned over to the 
Treasurer up to date in checks or cash about $1,100. Many of those 
who will undoubtedly subscribe to the fund have not yet been seen. 
A good many have been somewhat sceptical, both of the intentions 
of the Society and of the practicability of the scheme. The Commit- 
tee is convinced now that once we establish this Bureau and get it 
into operation, all of this scepticism will disappear and that funds 
will be easier to procure in the future than they have been in this 
initial instance. 
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We have sufficient money now to proceed to make a contract with 
the Bureau of Mines for space. The Officers of the Bureau have 
offered us : 

1. Office space; 

2. Use of their physical and chemical research laboratories as space 
^ conditions may allow and our requirements may dictate; 

3. The use of special laboratory connection with the power house, 
which is approximately 50 x 100 ft. in size x 30 ft. in height, 
equipped with radial brick stack, etc. ; 

4. Service in tTie form of steam at high or low pressure, electric 
current, direct or alternating, water, hot or cold, gas, etc.; 

5. The use of such instruments as they may have available which 
we might desire to use from time to time. 

It is needless to point out the great benefit to the Society of pro- 
curing this service from the Bureau of Mines. The Officials of the 
Bureau are anxious to co-ojDerate with us in every way possible, and 
to assist us in our work, and the Committee hopes and believes that 
the Society may be of assistance to the Bureau of Mines. 

For the future research activities of the Society, this Committee 
recommends the following procedure : 

1. Committee. 

That there be a Standing Committee, known as the Research 
Committee, consisting of fifteen members, each member serving 
for three years, and five members retiring each year. 

2. Election. 

a. That the Council shall nominate, previous to October 1st 
of each year, five members to fill vacancies of those retir- 
ing at the next Annual Meeting. 

b. That the nominations made by the Council shall be pub- 
lished in the October Journal of the Society. 

r. That prior to December 1st any ten members, over their 
own signatures, may nominate one or more additional mem- 
bers for the Research Committee, and such additional nomi- 
. nations shall be placed on the ballot opposite such of the 
nominations made by the Council as designated by those 
making the nomination. 

d. The election shall otherwise conform to the same regula- 
tions as are provided for the election of officers. 
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4. Activities. 

The activities of the Research Committee shall include the 
following branches : 

a. Investigate the needs for research in any particular sub- 
ject and if sufficient to warrant consideration from the 
standpoint of pure engineering, appoint a sub-committee to 

1. Collect all existing data and records; 

2. Carefully examine the records and report on actual needs 
for further work; 

3. Report on all available laboratories of colleges or other 
institutions that might be utilized ; 

4. Make definite suggestions for a line of procedure in re- 
search and confer with and advise the Director of Re- 
search upon this particular subject. 

b. Where research work is found necessary and course of 
procedure is obvious, negotiate with laboratories of col- 
leges or organizations, as oflfered, or order work handled 
by Director of Bureau ; no work should be assigned to the 
Bureau that can be handled equally well elsewhere. 

c. If sufficient amount of existing data appears to be avail- 
able for analysis by Committee, present a synopsis of the 
data to next regular Meeting of the Society for discussion 
and approval. 

d. Report all conclusive data, whether originating through 
the Research Bureau or Committee, or elsewhere, to the 
next regular Meeting of the Society for discussion and 
approval. 

e. Report on questions of finance, ethics, and commercialism. 

5. Executive Committee of Research Committee. 

a. One of the sub-committees of the Research Committee 
shall be known as the Research Executive Committee, and 
shall be composed of four members, one of whom shall 
be Chairman of the Research Committee; the Research 
Executive Committee shall conduct all the business of the 
Research Committee ; it shall make the necessary contracts 
for rental and purchasing of equipment or material; it 
shall select and employ the Director and such assistants of 
the Bureau of Research as may be reciuired ; it shall deter- 
mine all salaries and approve of all expenses incurred ; 
it shall determine the rotation in which the subjects shall 
be investigated by the Bureau of Research. 

b. The Executive Committee shall not make contracts in ex- 
cess of the income to the Research Bureau without the ap- 
proval of the Research Committee and the Council. 

G. Chairman. 

The Chairman of the Research Coniniittce will be ex-officio 
member of all sub-committees. 
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7. Approval. 

a. All acts, findings or reports of sub-committees shall be 
subject to the approval of the Research Committee. 

b. All acts of the Research Committee shall be subject to the 
approval of the Council. 

8. Finance. 

a. Each Chapter of the Society shall appoint a Research 
Soliciting Committee, that shall conduct a campaign in its 
locality to procure funds for the maintenance of the Bureau 
of Research once per year; committees may be appointed 
by the Research Executive Committee in other localities not 
covered by the Chapters to carry on such a campaign in 
their respective territories. 

b. All moneys received for the Bureau of Research shall be 
kept by the Treasurer of the Society in a separate fund and 
used only for the purpose specified. 

c. The Research Bureau shall operate upon the budget plan ; 
all payments from the Research Bureau fund are to be 
made by the Treasurer in accordance with the existing 
present plan of payment of the Society's bills, as authorized 
by the Council Meeting of August 16, 1917, excepting that 
certification of the vouchers by the Secretary of the Society 
is to be replaced by certification by the Chairman of the 
Research Committee or the Research Executive Commit- 
tee; all special items are to be approved by the Research 
Executive Committee instead of the Finance Committee of 
the Society. 

9. Reports. 

Reports of activities of the Research Bureau shall be sent to all 
members of the Society and to all subscribers to the Research 
Bureau Fund. 

10. Nominations. 

That the incoming President present for the approval of this 
body at the last session of this Meeting, his nominations for the 
Research Committee ; five to serve for three years, five for two 
years and five for one year. 
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DISCUSSION 

John R. Allen: I move that the report of this Committee be 
accepted. 

The motion was seconded, put to vote and carried. 

The President: The next important move is to take up the 
various points suggested in the report in order to learn the desires of 
the Meeting in regard to them. 

J. I. Lyle: In order to get the matter before the Meeting, I 
move that the future research activities of the Society shall be regu- 
lated by the following resolutions, and I will make several motions 
to adopt these resolutions. The first is as follows : 

That there be a standing committee known as the Research Committee 
consisting of fifteen members, each member serving for three years, and five 
members retiring each year. 

The motion was seconded, put to vote and carried. 

J. I. Lyle: I next make the following motion: 
o. That the Council shall nominate, previous to October 1st of each year, 
five members to fill vacancies of those retiring at the next Annual 
Meeting. 

b. That the nominations made by the Council shall be published in the 
October Journal of the Society. 

c. That prior to December 1st anv ten members, over their own signatures, 
may nominate one or more additional members for the Research Com- 
mittee, and such additional nominations shall be placed on the ballot 
opposite such of the nominations made by the Council as designated by 
those making the nomination. 

d. The election shall otherwise conform to the same regulations as are 
provided for the election of Officers. 

c. Vacancies may be filled by the Council, such persons chosen by the 
Council to serve until a successor can be elected at the next annual 
election. 

The motion was seconded, put to vote and carried. 

J.I. Lyle : I will now make the following motion : 

The Research Committee shall be divided into various sub-cominittees, 
as may be found desirable to properly carry on the research actinties of the 
Society. 

The motion was seconded, put to vote and carried. 

J. I. Lyi.e: I now make the following motion: 

The activities of the Research Committee shall include the following 
branches: 

a. Investigate the needs for research in any particular subject and if suf- 
ficient to warrant consideration from the standpoint of pure engineering, 
appoint a sub-comsmittce to 

1. Collect all existing data and records; 

2. Carefully examine the records and report on actual needs for fur- 
ther work; 

3. Report on all available laboratories of colleges or other institutions 
that might be utilized ; 

4. Make definite suggestions for a line of procedure in research and 
confer with and advise the Director of Research upon this particular 
subject. 

b. Where research work is found necessary and course of procedure is 
obvious, negotiate with laboratories of colleges or organizations, as 
offered, or order work handled by Director of Bureau; no work should 
be assigned to the Bureau that can be handled equally well elsewhere. 

c. If sufficient amount of existing data appears to be available for analysis 
<by Committee, present a synopsis of data to next regular Meeting of 
the Society for discussion and approval. 
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d. Report all conclusive data, whether originating through the Research 
Bureau or Committee, or elsewhere, to the next regular Meeting of the 
Society for discussion and approval. 

e. Report on questions of finance, ethics, and commercialism. 
The motion was seconded, put to vote and carried. 

J. I. Lyle : I now offer the following motion : 

a. One of the sub-committees of the Research Committee shall be known 
as the Research Executive Committee, and shall be composed of four 
members, one of whopi shall be Chairman of the Research Committee; 
the Research Executive Committee shall conduct all the business of the 
Research Committee; it shall make the necessary contracts for rental 
and purchasing of equipment or material; it shall select and employ 
the Director and such assistants of the Bureau of Research as may be 
required; it shall determine all salaries and approve of all expenses in- 
curred ; it shall determine the rotation in which the subjects shall be in- 
vestigated by the Bureau of Research. 

b. The Executive Committee shall not make contracts in excess of the in- 
come of the Research Bureau without the approval of the Research Com- 
mittee and the Council. 

The motion was seconded, put to vote and carried. 
J. I. Lyle: I next offer the following motion: 
The Chairman of the Research Committee will be ex-officio member of 
all sub-committees. 

The motion was seconded, put to vote and carried. 
J. I. Lyle : I next offer the following motion : 

a. All adts, findings or reports of sub-committees shall be subject to the 
approval of the Research Committee. 

b. All acts of the Research Committee shall be subject to the approval of 
the Council. 

James A. Donnelly: Is it iK»t thought that the action of the 
Research Committee in the end shall have the approval of the 
Society? That the Research Committee shall report to the Society 
rather than to the Council? It seems to me that the action of the 
Research Committee does eventually come up at the Annual Meeting. 

J. I. Lyle : I believe that our Council is empowered to handle all 
the business of the Society and the idea of the Committee on Re- 
search Bureau was that it wanted to throw every possible safeguard 
around this research work. There has been a good deal of criticism, 
not constructive criticism, but criticism that this whole thing was 
all wrong, because it was going to get into commercialism. The 
Committee is trying to throw a further safeguard around the ac- 
tivities of this Bureau, in order not to hamper it, but, on the other 
hand, to be sure that commercialism shall not eventually creep into it. 
That position was taken purely for the benefit of the Society and 
the industry at large, and the only idea of putting in the provision 
with reference to the Council was that we were laboring under the 
impression, that all of the business of the Society can be con- 
ducted by the Council, and that the action of the Council is binding 
'upon the Society. 

James A. Donnelly: While it is true that the Council has 
authority in all matters of business pertaining to the Society, there 
are really two ways of looking at the matter of business. I believe 
that while it is true under the membership corporation law the 
Council does have control of all business of the Society, this does 
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not apply to the establishment of professional standards and accept- 
ances of those things which have to do with the technical business 
of the Society, as it were, which are the real objects of the Society. 
While it is true that the business of contracting for the purchase 
and sale of anything is a function of the Council, the adoption of 
standards and the adoption of reports, is not a function of the Coun- 
cil and never has been. Committees are appointed by the Meeting 
and report back to the Meeting, and much of the work of the Society, 
W'hile not called the business of the Society, emanates from the mem- 
bers and should go back to the members. 

The President : Do you wish to make an amendment to the 
motion ? 

James A. Donnelly : I have nothing definite in mind to offer 
as a suggestion as to how it should be done. I have simply made 
the statement in the nature of a question, and leave it before the 
Committee for consideration. I wanted to bring up the point that 
the adoption of reports and making findings as to the best or present 
practice along professional lines, has never been the function of the 
Council. If the Committee would differentiate between the two, it 
would be a good thing to do. 

J. I. Lyle: I think Mr. Donnelly's point is probably well taken, 
but I do not believe it occurred to any member of the Committee. 
It certainly did not to me. If it is the pleasure of the Meeting we 
could amend this clause (b) as follows: 

All findings or reports of the Research Committee shall be subject to the 
approval of the Society and all contracts and responsibilities incurred by the 
Research Committee shall be subject to the approval of the Council. 

James A, Donnelly: I am willing to accept that. 

The President: Gentlemen, you have heard the amendment to 
the motion as presented by Mr. Lyle, and which has been accepted 
by Mr. Lyle.- Is that agreeable to the meeting? 

The motion was seconded, put to vote and carried. 

J. I. Lyle: I make the following motion: 
o. Each Chapter of the Society shall appoint a Research Soliciting Com- 
mhtee, that shall conduct a campaign in its locality to procure funds 
for the maintenance of the Bureau of Research once per year. Com- 
mittees may be appointed by the Research Executive Committee in other 
localities not covered by the Chapters Ito carry on such a campaign in 
their respective territories. 

b. All moneys received for the Bureau of Research shall be kept by the 
Treasurer of the Society in a separate fund and used only for the purpose 
specified. 

c. The Research Bureau shall operate upon the budget plan; all payments 

frnm fVi#» R#»c#»arrVi "RurAoii fiinrl arp tf«-» Vw* mor1<» hv tVip Treasurer ... 
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J. I. Lyi.k: 1 next make the following motion: 

Reports of activities of the Research Bureau shah ])e seirt lo all members 
of the Society aiul to all subscribers to the Research Bureau Fund. 

The motion was seconded, put to vote and carried. 

J; I. Lyle: I will now make the concluding motion : 

That the incoming President present for the approval of this body at 
the last session of this Meeting his nominations for the Research Committee; 
five to serve for three years, five for two years, and five for one year 

The motion was seconded, put to vote and carried. 

The President: A motion is now in order that we adopt this 
reix)rt of the Committee as a whole. 

J. I. Lyle: I move that the report and resolutions be adopted 
as the report of the Committee as a whole. 

The motion was seconded, put to vote and carried. 

J. I. Lyle: I would now like to make one more motion, in 
closing. I should like to ask this Society to pass a vote of thanks 
to President Still, Vice-President Timmis, Secretary Obert, Treas- 
urer Addams, W. F. McDonald, E. E. McNair, J. H. Davis, Dr. 
M. W. Franklin, and H. M. Hart, for the trips which they made 
at their own expense to address various Chapters on this subject. 

I would like that vote of thanks also to include the following 
chairmen who have shown a good deal of energy in carrying on 
this work in their various localities: Prof. F. E. Giesecke, F. F. 
Bahnson, A. S. Kellogg, H. M. Hart, Prof. J. D. Hoffman, G. B. 
Larimer, W. F. McDonald, Prof. J. R. Allen, Mr. Chaffee, L. W. 
Moon, Arthur Ritter, Dr. M. W. Franklin, E. T. Murphy, Prof. 
S. E. Dibble, C. A. Booth and T. F. Humphreys. 

Prof. John R. Allen: I will amend the motion by adding the 
name of Mr. Lyle. 

The President: H there is no objection that will be allowed. 
The motion was seconded, put to vote and carried. 
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No. 501 

REPORT OF COMMITTEE ON STANDARD 
METHOD FOR TESTING RADIATORS 



THE Comniittee on Standard Method for Testing Radiators 
made a report to the Society at the Annual Meeting in Janu- 
ary, 1918. Since that report has been presented, certain 
criticisms of the report and suggestions have been made which the 
Committee desires to present to the Society. 

Prof. E. H. Lockwood has presented to the Committee tlie follow- 
ing criticisms and suggestions : 

In a previous letter I have expressed disapproval of your Committee's 
report on a Standard Method for Testing Radiators. I now give my reasons 
for this disapproval. First of all, it is important to define the purpose of 
making tests of radiators, for I suspect that we do not agree on this point. 

My belief is that a radiator should be tested under uniform conditions, 
over which the experimenter has complete control, which conditions should 
conform to those of ordinary use except as modified to secure uniformity. 
The aim is to eliminate all variable quantities except those found in the 
radiator itself, and thus make possible accurate comparison of different types 
of radiators. 

Your test procedure fails to conform to my notion in one vital point, 
namely, the variations due to the room and the position of the radiator in 
the room. You have magnified the variations by placing the radiator next 
to an outside wall and under a window. 

In my opinion irregular and inconsistent resuHs can be confidently pre- 
dicted when this test procedure is followed. I had not expected to give 
an example to enforce my opinion, but a very interesting one has just come 
to my attention. 

In the June, 1918, Heatitfg and Ventilating Magazine, p. 61, is a report 
of tests of pressed-steel radiators, by Professor Emswiler of the University 
of Michigan, in the course of which this sentence occurs: 

"It appears that the cast-iron radiator got away with nearly 2J per cent 
more heat than the pressed-steel radiator, without putting any more into the 
room. The question naturally arises as to where this 23 per cent goes to, 
and I must confess that I am unable to answer it." 

It is a significant fact that these tests were made in accordance with the 
proposed code, by trained observers and refined apparatus from an enflri"**'*-''^ 
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temperature in the other. Few experimenters using a mercurial thermometer 
will make correction for exposed steam, and failure to do this will often 
make an error of two degrees. I have used both methods and on the whole 
prefer saturated steam taken from a vertical pipe of suitable size. 

Electrical Method,—l regard this method as ingenious and valuable, quite 
appropriate for description in an appendix to the Code, but not; at the 
present time, to be considered a standard method recommended for general 
use. In spite of its promising features, the electrical method is compara- 
tively new and untried and is characterized as being rather costly and 
complicated. 

Report Forms. — The proposed Code contains two tabulated forms in 
which the observed date and computed results arc given, one applying to the 
Condensation method, the other to the Electrical method. The two methods 
are alternative and yield the same final results. Either method can be used 
by the experimenter, but when he reaches the end he finds a different 
answer, thus: 

Using the Condensation method the result is expressed as "B.t.u.'s given 
off per hour per sq. ft." 

Using the Electrical method the result is expressed as "Value of K in 
B.t.u.'s actual surface." 

It is obviously desirable to have test results stated in a common unit so 
that comparisons can be made easily. Why not choose the best unit and 
put it in both forms? 

Standard Room Temperature. — In making radiator tests it is impossible, 
practically, to maintain 70 deg. fahr. constant temperature and observations 
are considered satisfactory ranging from, say, 68 to 72 deg. fahr., provided 
the temperature is constant or nearly so during the test. 

When a radiator test is made at an average temperature of, say, 69 deg. 
fahr. the B.t.u. obtained per sq. ft. is by no means a true measure of the 
heat given off ; this figure is too large and must be reduced to the standard 
of 70 deg. fahr. so it can be compared with corresponding values from other 
radiators which are likewise referred to 70 deg. fahr. 

No allusion is made in the Code to reduction of observed heat units given 
off to a standard temperature of 70 deg., although the standard temperature of 
both steam and room are specifically stated. 

New Radiaiion Unit. — After making these criticisms I now venture to offer a 
suggestion of a new unit of radiator capacity which shall be called a Foot 
of Radiation. The new unit is not a surface but a quantity of heat. It 
was recognized in the new Code for Testing Low Pressure Heating Boilers, 
where its value was stated for steam as 2S0 B.t.u. being equivalent to one 
foot of radiation. / 

It is desirable to use the term Foot of Radiation, not a square foot, 
because the new unit is measured in terms of heat and not in measuration. 
units. 

A foot of steam radiation is defined as any radiating surface that will 
give off 250 B.t.u. per hour in still air at 70 deg. fahr. when supplied with 
steam at 2.5 lb. gage pressure. 

The measure of the Foot of Radiation is not the foot rule, but the 
amount of heat it will give off. Under this rule, the maker can furnish any 
kind of metal, of any shape and size and looks, but he furnishes a foot of 
radiation in the heating sense of the term when his radiator gives off 250 / 
heat units per hour under the prescribed room and steam temperature. 

If such a unit were recommended by this Society and generally adopted 
by manufacturers, the rated capacity of a radiator would have a definite 
meaning in heat units. In that case the correctness of the rating of a radiator 
could be checked by making a test to determine the heat given off under 
standard conditions. There would be no question as to the amount of 
surface of the radiator, as the maker contracts to furnish Aro/, not surface. 

If the new unit were adopted, it would introduce an item in the tabulated 
form, such as, "Feet of Radiation, H. & V. Standard," and this unit would 
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measure the capacity of the radiator, just as the term "boiler horse power'* 
measures the capacity of a power steam boiler. 

I believe that such a capacity unit would be welcomed «by manufacturers 
of radiators, as giving them a definite standard which would be fair for 
all for catalogue ratings, and furthermore, it would be easily understood and 
applied by heating engineers. 

I believe this Committee could do nothing of higher value than to 
standardize the term foot of Radiation for direct steam heating, by defining 
its value for steam and hot water radiators. 

A letter from Mr. L. C. Soule, member of the Committee, con- 
tains so many interesting facts bearing on this subject that the Com- 
mittee desires to present it to the Society: 

I have a favorable opinion regarding some of Professor Lock wood's 
criticisms but do not agree with others. At the time you sent me the report 
for my approval last winter, we had not completed an extensive series of 
tests on direct radiators and convectors, so I was not ready at that time to 
suggest any radical changes in your original report. In the light of results 
obtained in our experiments, and in order to give you my opinion of 
Professor Lockwood's criticisms, I offer the following suggestions : 

Comparative tests on radiators should be made in rooms of identical 
construction, size and exposure. These rooms should each be one room 
houses with four sides exposed, and each house located so that prevailing 
winds will have full free sweep over each house. In other words, one 
house must not cut off the wind from the other house. These houses should 
be located perhaps on the roof of a high building, so that adjoining -buildings 
will not break up the wind currents, and so that outside atmospheric condi- 
tions will be undisturbed. 

We have found in our experiments that wind velocity has a big effect 
on the condensation of steam in direct radiators inside a room or building 
subjected to the wind. We found it practically impossible to make con- 
sistent allowance for these variations in wind velocities, so we adopted 
the plan of using the results of only those tests made when the wind 
velocity was normal (say 10 to 15 miles per hour) and with a constant 
direction of wind from the west. 

After having made the test rooms or houses identical, and securing 
practically constant \vind direction and velocity, we then found that the 
condensation from direct radiators located 3 in. from the outside west 
wall became greater as the outside air temperature ^became lower. In fact, 
we were able to plot curves showing the condensation of a radiator in 
such a room and under above conditions of wind velocity and direction, 
and these curves showed a regular increase in condensation as the outside 
temperature approached zero and below. 

We believe that many of the variations in test results found by previous 
experiments were caused largely by not taking into account the variations 
in outside temperature and perhaps variations and changes in velocity and 
direction of wind. 

We have also proven beyond a doubt that the condensation in a direct 
radiator is not at all a measure of its room heating effect. A considerable 
proportion of the steam condensed by a direct radiator is heat lost through 
windows and walls by direct radiation that has no room heating effect. The 
anK>unt depends (for bare iron radiators) on the outside parallelogram of 
exposed radiator. 

We understand that Professor Emswiler obtained nearly 23 per cent 
more condensation in a cast-iron radiator than in a pressed-steel radiator 
of equal surface without putting any more heat into the room. We will 
assume that neither one of his test radiators were painted or bronzed. It 
is evident that the cast-iron radiator occupied a greater parallelogram of 
space than the pressed-steel radiator, and therefore lost considerably more 
heat by radiation. We are confident that the cast-iron radiator condensed 
more steam than the pressed-steel radiator for the additional reason that 
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the cast-iron loops are spaced further apart than the pressed -steel loops. 
This arrangement of heating surface would put more heat into the room by 
convection and give more condensation for the wide-open cast-iron sections 
than for the close-together pressed-steel sectign. By suppressing radiant 
heat from a direct radiator, by making it a convector, with a bright tin-lined 
insulated jacket, we were able to save as high as 20 per cent of heat which 
would otherwise be lost by radiation. 

In these experiments, we kept our test radiators under thermostatic control 
so that a constant room temperature was maintained ranging from 68 to 70 
deg. This means that steam was not on in either one of the test radiators 
all the time, but each radiator supply valve opened and closed, as was regu- 
lated by the controlling device, according to the room temperature. Tnis 
means that we were not exactl3r testing the regular condensing power of 
direct radiators, but we were testing the room heating effect of two different 
test radiators in identical one-room houses, under the same conditions. This 
means that when the outside temperature reached 70 deg., both test radiators 
would be entirely shut off, and there would be no condensation in either 
one. Therefore there would be no saving of radiant heat at 70 deg. outside 
temperature, but at deg. outside there was a saving of nearly 20 per cent 
We have found that painting, bronzing, and nickeling radiators has a certain 
effect on condensing power, and is due probably to the suppression of radiant 
heat, but we think there is much experimental work yet to be done along 
this line. 

We believe that the procedure was correct in placing the radiator next 
to an outside wall, but think that perhaps it would have been better not to 
place the test radiators under the window, since perhaps wind velocity, air 
leakage through window, and cold outside-air might make large variations in 
the results which it would be hard to reconcile in tabulating results or 
plotting curves of same. 

I have found from my experience in radiator testing that fewer errors 
are encountered by placing a pressure-reducing valve in the. steam supply 
line and by supplying the test radiators with steam having a few degrees 
of superheat, so as to insure dry steam entering the radiator. We made 
radiator tests for three years and were unable to get consistent results 
with so-called saturated steam, because it always contained considerable 
percentages of moisture, but after we adopted the method of the pressure- 
reducing valve and a few degrees of superheat, we were able to get 
consistent results. I therefore agree with the method of arranging steam 
supply and method of handling condensation. We have used the same methods 
with very consistent results. 

Regarding the Electrical method, possibly Professor Lockwood's sug- 
gestion is good — namely, that the method be described in an appendix to 
the standard Code, but ought not to be considered at the present time as a 
standard method reconnmended for general use. I agree that the Electrical 
method is ingenious and valuable, but it is expensive and somewhat com- 
plicated. Perhaps it should be developed further before being adopted as a 
standard method. 

Regarding the tabulated data for Condensation method and Electrical 
method, the two methods are alternative and yield the same final results. 
Therefore it would perhaps be better to adopt the same unit for both 
methods. Either choose "B.t.u. per hour per sq. ft, of radiator surface" 
or "B.t.u. per hour per sq. ft. of radiator surface per degree difference 
between steam in radiator and air in test room." 

We believe that if an experimenter maintains each test room within a 
temperature range from 68 to 70 deg. fahr., that this is sufficiently close 
for comparisons without attempting to make any corrections, as for example, 
to reduce all results to 70 deg. We believe that the correction would be 
so slight as to be not warranted. 

Professor Lockwood's suggestion of a new radiation unit is not approved 
by the writer for reasons which are indicated in the opening paragraphs of 
this letter. Professor Lockwood suggests 250 B.t.u. per hour as the new 
unit, which should be called a Foot of Radiation. He says that this unit 
would measure the capacity of a radiator. We are inclined to the opinion 



Digitized by 



Google 



Report on Standard Method for Testing Radutors 17 

that within a short tim« we will not pay so much attention to the condensing 
power of a radiator as we will to its room heating effect. If this is so, 
we will not be so much interested in the amount of heat a radiator will 
give off, but rather in the amount of heat which it will impart to the air 
itself. 

1^'urthermore, Professor Lock wood is mi-stakcn when he says that the 
radiator manufacturer contracts to furnish heat and not radiating surface. 
Manufacturers of radiators never take contracts and they never guarantee 
to furnish heat, and never assiune responsibility for the installation. They 
simply manufacture the radiation and sell it to the heating contractor, 
who installs •same and guarantees the heating job. If the heating installa- 
tion is laid out by a regularly employed consulting or heating engineer, he 
takes the responsibility for the proper operation of the system, and stands 
responsible for the system producing sufficient heat, but in ordinary installa- 
tions the heating contractor only is responsible. The manufacturer of radi- 
ators is never responsible except for the excellence of manufacture of his 
product. It is true that nianufacturers rate their boilers in terms of feet 
of radiation, and that in this instance a foot of radiation represents 0.25 lb. 
of steam condensed per hour for low pressure steam, but we do not approve 
of employing this value as a new radiation unit, and allowing irresponsible 
people to put in any size of radiator which they claim will heat the room. 
Many of these makers are not equipped with proper testing laboratories 
and equipment and do not have competent engineers, so that any test results 
they might publish would be entirely unreliable and would simply lead the 
heating contractor and purchaser into trouble. Therefore I disapprove 
adoption of any such Foot of Radiation units, and recommend that the 
present procedure of figuring radiation be followed until some definite 
arrangement can be adopted for furnishing radiation for its room heating 
effect. 

I approve of the Committee's method of testing, outside of the suggestions 
contained in the above, which recommendations are given you as the result of 
our findings here. We have spent several years concentrating on this 
particular subject and believe that we have finally found the best methods of 
testing. We have completed our experiments, but may possibly undertake 
others at a later date. 

The following is quoted from Mr. C. W. Johnson, member of 
the Committee: 

I have read Professor Lockwood's criticism of the Committee report on 
Standard Method of Testing Radiators with great interest, ami while I am 
not ready to give opinions on the different items he takes exception to, I 
concur in his opinion that radiators "should be tested under uniform condi- 
tions over which the experimenter has complete control"; also that more 
accurate results will be obtained during testing of radiators where same are 
set away from windows. 

I believe his doubt as to the wisdom of using slightly super-heated steam 
for testing is well founded, and though I have no knowledge of what propor- 
tion of the cast-iron radiation manufactured is used in strictly low-pressure 
steam-heating plants, it is my opinion that 75 per cent is a low estimate, for 
which reason it seems it would be proper to test them under such steam 
conditions. 

Professor Lockwood's suggestion that a new radiation unit be adopted 
is certainly worth further consideration. It would make a splendid topic 
for discussion for the several Chapters of the Society where opinions of 
heating engineers, architects, manufacturers, and contractors could be heard, 
especially the manufacturers, from whom many objections to a change from 
present methods of measuring heating surface can be expected. 

Professor Lockwood has given the Committee report and his criticism 
a great deal of thought, and I think it will be interesting to note how his 
suggested term. Foot of Radiation, will appeal to the Society. 
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The following critfcism and suggestions have been made by Prof. 
J. E. Emswiler of the University of Michigan : 

On page 1, under the heading, Location of Tests, it seems that it might 
be well to specify the position of the window shades, which should of course 
be normal during the tests.- We have noted some variations in results which 
we have attributed to the window shades being drawn too far down, although 
we are not positive on this point. At any rate, it seems that it would be 
worth mentioning, since it is a matter that can be so easily adjusted during 
the test, if the attention of the tester is called to it 

It is more than probable that the height of the radiator above the floor 
has some possible influence, although I don't know that any specific results 
have ever been obtained to show this. Unfortunately, our present method 
of using the electrical boiler requires the elevation of the radiator some 4 
to 6 in. above its normal position. In a permanent testing plant, where a 
permanent location for the radiator has been decided upon, a boiler could, 
of course, be placed underneath the floor with pipes passing through the 
opening, thus allowing the radiator to rest in its normal position. 

On page 2, line 5, "a few degrees of superheat" is referred to. Would 
it not be wise actually to specify the degrees that would be considered best? I 
should say, myself, the number of degrees ought to lie between 10 and 15. 

On the same page, in lines 9, 10 and 13, there appears the word "con- 
densing" with reference to the chamber into which the condensate drops 
from the radiator. I should think the word "collecting" would better 
describe this operation of the apparatus. 

On the same page, under the paragraph headed. Instruments, the report 
alluded to the temperature of 200 deg. as corresponding to the standard 
steam pressure. I think it would clarifv this portion of the report if that 
pressure were mentioned, at this point. After having read the report through 
I discovered later that it defines the pressure of 2Vjb lb. above atmosphere 
as standard pressure. I think it should be mentioned at this point in con- 
nection with the temperature. 

On 4)age 2, line 28, it seems to me that the requirements that the ther- 
momeiters should be immersed at the readings is a rather difficult one to 
meet, in most cases, since this requires a rather deep thermometer cup and 
necessitates the introduction of additional tees and vertical nipple lines, 
in order to get sufficient depth. I should think it would be sufficient to 
specify calibrated instruments, as you have done, and point out that cor- 
rection should be made for steam exposure, where the depth of the thread 
is considerably higher than the depth of the well. 

On page 3, under paragraph heading, Conducting the Test, in the 7th and 
8th lines of that paragraph, it is specified that the weight of condensation 
should be determined every 15 minutes, while the readings of gage and 
thermometers should be made every 10 minutes. It occurs to me that it 
would be desirable to -specify the same time interval for both these sets 
of quantities. I say this particularly with a view to simplifying the form 
upon which the data, as taken, will be tabulated. In most cases in our tests 
here, I have had readings taken every 10 minutes, for all quantities, although 
I don't believe that with the steady conditions that prevail ordinarily during 
the test, 15 minute intervals would be too long for any of the quantities. 

In line 12 of the same paragraph, the standard room temperature is 
referred to as 70 deg. I believe that right here a good many difficulties arc 
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elaborateness and expense. The only other alternative is to do as we 
have done here — that is, to operate the radiator at the -standard pressure 
and permit the room temperature to vary in accordance with the supply 
of heat from the radiator and the loss of heat to the outside. This very 
often results in a difference between steam and room temperature ccMisiderably 
divergent from the 150 dtg. specified. 

Both this plan and the use of the service radiator under thermostatic 
control, have objections. I believe that the service radiator induces an 
auxiliary circulation of the air in the room, which is reflected in the per- 
formance of the test radiator and so introduces some elements of uncer- 
tainty. On the other hand, testing with a difiFerence between room and 
steam quite a little divergent from 150, is liable to introduce some error 
again, on account of the heat transmission not varying as the first power of 
temperature difiFerence. I am at a loss to give an opinion as to what should 
be recommended in this connection. 

In the tabular form, item 7 alludes to "Humidity in room" and item 28 
refers to "Average humidity." I am wondering if item 7 does not refer 
to humidity of air outside, which would make it consistent with items 
4, 5 and 6. 

At the end of this suggested form there do not appear any items for 
the value of "k" such as are appended to the tabular form for the electrical 
method of testing. Should not these items appear at the end of the first 
table? 

On page 5, lines 12 and 13 of the second paragraph, the word "radiant" 
has been used to describe the losses of the electric boiler itself. It might be 
better simply to omit the word, so that the allusion would be to "losses of 
the heater," since these losses are identical with those of the radiator, in 
that they may be partly radiant and partly convec^ive. 

In the suggested table of results for the electrical method, I call attention 
again to item 7, relating to humidity in the room. 

At the end of this table it is stated that one kilowatt hour equals 3.412 
B.t.u. This should be changed to "One watt hour equals 3.412 B.tu." 

CoaImittee on Standard Method for Testing Radiators, 

John R. Allen, Chairman. 
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No. 502 

EXPERIMENTS IN AIR CONDITIONING THE 

HOME 

By Emery R. Hayhurst.* Columbus, Ohio 
Non- Member 

THE specific problem whose solution was attempted was that 
of determining whether the average-sized residence could be 
air-conditioned, especially in regard to maintaining a proper 
humidity (40 to 50 per cent), comfortable temperature, and health- 
ful atmosphere during the closed-up season of the year and in a 
manner to be practical and feasible for the small householder. 

The experimenter used his own residence, located in Columbus, 
Ohio, toward the outskirts of the northern part of the city and on 
an elevation estimated as 100 ft. higher than the central portion of 
the city. The building was of brick and built as a "double" apart- 
ment, facing west, the south half of which was occupied by the 
experimenter and the experiments were entirely limited to this por- 
tion of the building. A solid brick wall separated the experimenter's 
portion of the building from the other portion, which was also occu- 
pied as a residence. 

The building was covered with the usual type of slate roof, and 
the basement was built of stone and cement, 7 ft. high, with a con- 
crete floor 15 x 40 ft. The basement was separated by solid masonry 
from its neighbor and was all open in one space, its floor about 4 
ft. below the ground level. It had one outside entrance, well pro- 
tected with a vestibule, and one inside stairway leading to the 
kitchen on the floor above. There were four well-fitted basement 
windows, 2x2 ft., above the ground level. The basement was 
ranahle of maintaining: fairly fixed air conditions, therefore acting 
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somewhat to temper weather conditions. In addition, a small un- 
enclosed rear porch, 6x8 ft., protected the kitchen entrance to 
some extent. In addition to the practically complete insulation of 
the experimenter's part of the building on the entire north side, by 
the other half of the building, there was a large frame residence 
located from 5 to 10 ft. distant on the south side, with height some- 
what greater than the premises in question. 

The sizes of the rooms on the first floor with the number of 
openings is given herewith : 

Space Win- Doors to 

Room Dimensions (Feet) (cu. ft.) dows Exterior 

Parlor^, 14%xl4%x9 and a bay of 138 cu. ft.. 2095 4 1" 

Dining Room", Ilxl4%x9 1459 2 

Kitchen, 10%xl4%x9 1368 3 !• 

Hallways, entirely enclosed and not included in 

the experiments. 

The second floor had much the same arrangement as the first, 
consisting of three rooms in linear order with hall, stairway and 
bathroom located on inner side of building in addition. The 
description of the second floor is tabulated as follows : 

Space Win- Doors to 
Room Dimensions (Feet) (cu. ft.) dows Exterior 

Study\ 15xl4%x8% and a bay of 138 cu. ft. 1987 3* 

Bedroom, a middle room not included in ex- 

periments. 

Playroom, 8%x9%x8% 670 1 1" 

Hallways, entirely enclosed and not included in 

the experiments. 

A large attic, unfinished except for tight-flooring over two-thirds 
of its extent, acted as an insulator to the top of the building. 

It will be seen that the total cubic space included ini the experi- 
mental rooms (parlor, dining-room and kitchen on the first floor, 
and study and play-room on the second floor), comprised 7,569 cu. 
ft. Necessarily, several hundred cubic feet (estimated for con- 
venience at 669) were occupied with furniture, fireplace and chim- 
ney extensions, etc. Therefore, approximately 7,000 cu. ft. was 
the maximum cubic space directly concerned in the experiments. 

Hence, the abode consisted of an ordinary-sized residence place 
(one-half of a brick "double"), located in a city residence district, 
rather closely built up and at a good relative elevation. 

The experiments were conducted between January 8th and Feb- 
ruary 17th, 1918, which, it will be recalled, included the continuous 
extent of severe weather of a rigorous winter. The preliminary 
work consisted in testing and arranging apparatus such as ther- 
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FACTORS OF INFLUENCE 

1. Protection or General Imulation of House. Because of the 
construction and situation of the building in relation to neighboring 
structures, it may be -stated that it was, perhaps, a little better pro- 
tected from weather conditions than the usual residence, although 
the elevation of this part of the city permitted probably fuller ex- 
posure to weather conditions than is ordinarily the case. 

2. Special Insulation, There were no storm-windows nor storm- 
doors. However, the looser window sashes and the two doors to 
the exterior on the first floor, as well as the door to a sleeping porch 
on the second floor, were well weather-stripped. Walls and ceil- 
ings were lathed (except on both outer walls), plastered and 
papered. Air filtration leaks and losses of heat by conduction through 
these were, therefore, to be considered controlled in a fairly good 
manner. (Note, however, the chimney openings of three grates and 
kitchen elsewhere described.) Hence the brick construction with 
entire north wall free from openings (with the opposing half of 
building occupied), the tight basement and large, although unfin- 
ished, attic produced, withal, an insulation fully in keeping with, 
but no better than, the average residence. The flooring gn the first 
floor was double, the upper layer being %-in. oak; on the second 
floor single, pine, well varnished. 

3. Rooms Used in Experiments. Only the three first flooi 
rooms, and the front room (study) and small rear room (play- 
room) on the second floor were included in the experiments, since 
these rooms were the only ones where it was attempted to main- 
tain a steady comfortable temperature. A small bathroom on the 
second floor was omitted as well as a bedroom — the latter unheated. 
All halls and stairways were omitted. When the furnace was oper- 
ating, the general temperature in the basement ranged from 40 to 
60 deg. fahr. A gas-burner under a non-insulated hot-water tank 
was going continuously in the basement. This, when the furnace 
was not in operation, was found sufficient to keep the basement 
temperature up to at least 32 deg. fahr., even on the coldest and 
windiest days. 

4. Heating Methods and Appliances. Coal shortage rendered 
it possible to continue i\:e experiments only for the length of time 
indicated (January 10th >o February 17th). The furnace^, which 
burned coal, was placed in the center of the basement and had hot- 
air ducts with fairly good upward slope. It was, by experience, a 
fairly good heater and in good condition. It was provided with a 
galvanized-iron cold-air duct about 2 ft. in diameter, leading from 
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tion, therefore, was (a) from the basement into (fe) the fubiace 
jacket, then (c) through the various hot-air ducts and registers to 
(d) the rooms above, with whatever returns there were through 
{e) door-leaks and leakages about gas pipe openings, etc., passing 
vertically through the floors. There were no* return ducts or regis- 
ters either between the second and first floors, or between the first 
floor arid basement. However, the indoor filtration leaks were of 
some importance in creating a circulation and recirculation of air 
between floors. 

Gas-grates were present in the front room (parlor) and middle 
room (dining-room) on the first floor and in the front room (study) 
on the second floor. All were used frequently as necessary auxiliary 
heating units. All were flue-ventilated (without dampers) to the 
exterior by chimneys (see Tables for dimensions of openings). The 
kitchen was provided with a gas-stove which was also used con- 
siderably as a heating unit. This stove was also flue-vented, with- 
out damper, by a 4-in. pipe to a chimney of good draft. The study 
was provided with a portable Reznor gas-stove which was used 
fairly often in addition to the furnace supply and the gas-grate in 
this room. The playroom was provided with an overhead gas- 
plate-heater of the yellow-flame, complete-combustion type, which 
was also used fairly often. During the experiments, all doors to 
other rooms, halls and to the exterior were kept closed with the 
exception of the necessary moments of ingress and egress. 

5. The Number of Occupants is a feature of some importance 
in the matter of both heat and humidity production, particularly 
when several may be gathered in one room for some period of 
time. Persons in the household consisted of two adults and two 
small children. Rarely were these all present at one time in any one 
room. 

6. Reference to the Tables will show that the Primary Seftse 
Impression (P. S. I.) was carefully noted as an important index to 
the general ventilation of each room. It was always determined 
immediately upon entering a room. 

7. General Room Comfort in the matter of temperature or air 
movements after the experimenter or others had been present for 
half an hour or more, was also noted with each determination. 

8. A set of reliable Tycos thermometers (eight in number) 
was hung in the various rooms on side walls farthest from heating 
units at a height of about 5 ft. from the floor. All of these ther- 
mometers were calibrated against the dry-bulb thermometer used 
on the sling psychrometer, the calibrations being made at different 
degrees of temperature in approximately 10 deg. intervals from 50 
to 100 deg. fahr. 

9. Psychrometric Readings. A Tycos pocket-type sling 
psychrometer of first-class quality and accuracy was used. Read- 
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bulb. Relative humidities were determined by consulting a psychro- 
metric table in the usual manner. 

10. As each indoor psychrometric reading was made, the Out- 
door Temperature, as indicated by a standardized thermometer hung 
on the back porch (building wall) was also read. 

11. Official Weather Conditions, At the completion of the series 
of experiments, in response to a request made of the Director of 
the local Columbus Weather Bureau, the experimenter was sup- 
plied with a report of the weather conditions in regard to (a) Tem- 
perature, {h) Relative Humidity, {c) Wind Velocity and (d) Wind 
Direction for each of the hours corresponding to the readings made 
in the home experiments. Only occasionally did the official records 
as to temperature vary more than 2 or 3 deg. from those noted by 
the back-porch thermometer, in which cases official records were 
invariably more extreme than those given by the experimenter's 
thermometer (which was therefore on the safe side). The experi- 
menter did not attempt any psychrometric readings out-of-doors. 

.12. Temporary Disturbing Factors consisted principally of laun- 
dry work, weekly, in the basement where an additional gas-plate 
heater, under a clothes boiler, and the escape of some steam and 
moisture from clothing hung up to dry, played a certain small part 
in improving humidity conditions. In a lesser way, some types of 
cooking in the kitchen produced some humidity. As, however, but 
few quarts of water at the most were evaporated by these means, 
such influences were not of much importance. 

13. To increase Air Movement an 8-in. Westinghouse electric 
fan of the ordinary type, driven at the medium of its three available 
speeds, was placed in the basement intake to the furnace and kept 
running for periods of from 2 to 6 hours previous to making read- 
ings. As noted by the rush of air out of the registers, this very 
materially improved the circulation of the air throughout the house. 
No attempts were made to estimate air velocity, air displacement or 
air direction in various rooms, — the variations in these factors 
being, of course, great, but these factors were no different than in 
all inhabited quarters, where they are necessarily controlled suffi- 
ciently to insure more or less comfort. 

14. A Herr^ Humidifying Apparatus was installed according to 
the directions accompanying it, in an opening near the top of the 
furnace-housing fin the slanting portion) so that the water spray 
continually played on top of the dome of the firebox within. This 
device works on the atomizer principle, although in order to ^et 
sufficient water into the air wnth the city water pressure available 
(14 to 25 lb.), it was often necessarv to have the particles of rather 
larg^er size, on the average, than could be called "fojcf."^ Except for 
certain experimental purposes, the device was kept goinjr for at 
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above, and on some runs it was in continuous operation for 48 hours 
at a time. The amount of water suppHed by the device was within 
easy control of the experimenter. In the early experiments it was 
found that not enough water was being used and hence humidifica- 
tion effects were only slight or nil. 

15. The Drying Surfaces of the house were those ordinarily 
present, such as rugs, varnished furniture, clothing, wall paper 
and varnished woodwork — ^all of which, as is well known, have a 
most remarkable capacity for absorbing moisture, at least in the 
first few days of artificial humidification attempts. When all of 
these have reached a condition of moisture saturation in general 
keeping with that of the air, these factors practically cease to be 
of importance as atmospheric dehydrating agents. 

10. Auxiliary heating by Natural Gas appliances was used quite 
extensively because of the severity of the weather and the shortage 
of coal, and it early became apparent that the burning of natural 
gas in a room, in itself, had a marked influence on humidity rela- 
tions, its use being invariably accompanied by a concurrent rise 
in the humidity readings. Therefore, so far as the efficiency of the 
humidifying device was concerned, only such readings were taken 
as were made when a minimum amount of, or no, gas-heating accom- 
panied them. 

SUMMARY OF DEVICES USED 

It will be seen that the total number of devices used in these 
air-conditioning experiments in the abode in question (in addition 
to the building construction with the amounts of insulation and air 
leakage indicated) were (1) an ordinary hot-air furnace, coal 
heated; (2) gas-grates, gas-stoves, and one overhead gas-heating 
plate — all burning natural gas; (3) standardized thermometers, one 
hung in each room; (4) an 8-in. ordinary electric fan placed in 
the basement opening of the cool-air inlet at the side of the base 
of the furnace; (5) a Herr humidifying apparatus connected to 
the water supply; (6) a pan to catch the overflow from the humidi- 
fying apparatus; (7) the city water supply, which ranged between 
14 and 25 lb. pressure, as gauged in the basement; and (8) a 
pocket sling psychrometer with accompanying psychrometric chart 
and some distilled water (placed in covered tumblers in each room 
for moistening the wet-bulb thermometer). Other essentials in 
conducting the experiments were : observations as to weather condi- 
tions, including official local reports corresponding to the hours 
when the home readings were made, notations as to the number of 
persons present, and the presence or absence of temporary disturb- 
ing factors such as laundry work, extra cooking emitting moisture, 
etc. 

SUMMARY OF EXPERIMENTAL FINDINGS 

The tables with the accompanying summaries for each show the 
results of the experiments made (Tables 1 to 5). 
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OBSERVATIONS AND DEDUCTIONS 

1. The ^comfortable living room" atmosphere may be defined as 
one in which there is (1) a barely perceptible circulation of the air, 
yet without draft; {2) temperature not depressingly high nor un- 
comfortably low, with heat more or less evenly dittused throughout 
the room; (3) a degree of humidity which is neither high enough 
to be depressing nor low (dry) enough to be irritating; (4) the 
absence of obnoxious gases, as those escaping from stoves or grates 
and, obviously, dust, smoke or disagreeable odors. We may stand- 
ardize the principal items in the above, and thus be more certain 
of a "healthful" as well as a **comfortable" atmosphere: The air 
should move at a velocity of about 1 ft. per second ; its movement 
should be varied in direction ; and it need not be over 68 deg. fahr. 
in temperature, provided the degree of saturation with water vapor 
amounts to about 40 to 50 per cent. 

2. In air-conditioning buildings such as residences, the chief 
problems to be considered and controlled are : (1) Movement of the 
mass of air to overcome stagnation and stratification (indirect heat- 
ing, as by the hot-air furnace, easily accomplishes this, while great 
improvement can be observed by the added use of the electric fan) ; 
(2) Prevention or control of heat loss from the building through ' 
the two chief sources (a) by direct filtration of heated air outward 
and ingress of cold air into the building; these air changes take 
place rapidly about doors, windows, baseboards, floors, and espe- 
cially chimney flue openings; (b) direct conduction of heat through 
walls, window panes and floors ; these are usually sufficiently insu- 
lated against by proper building construction, which includes inter- 
vening "dead" air spaces. (3) Loss of water vapor which may 
have been added to the air for bringing up the humidity require- 
ment. It will be seen, therefore, that the question reduces itself 
practically into one of heat and humidity control, part of which is 
accomplished by correct building construction and the balance of 
which may be secured by the usual type of hot-air furnace and a 
humidifying device. 

3. Unless double windows are used and outer walls are effi- 
ciently insulated, there will be an accumulation of moisture on the 
room-side of these otherwise cold surfaces. Surfaces of the in- 
terior of rooms must approach in temperature that of the room 
atmosphere or moisture deposits may occur. In the residence de- 
scribed, window panes, only, became steamed or frosted. Unques- 
tionably, double windows would have avoided this. However, there 
is no evidence that such condensation upon windows or walls 
become a hazard to the health of occupants. 

4. It was found that a small electric fan (4-blade, 8-in. diam- 
eter) turned on for an hour or so three times a day was sufficient 
to "get the heat out of the furnace," and along with it any added 
humidity. 

5. When outside temperatures mount above the freezing point 
(32 deg. fahr.), at least in the locality in which these experiments 
were made, it does not appear that artificial humidification of resi- 
dential atmospheres is necessary. This means, therefore, that, on 
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the whole, the season making such hunndification desirable in this 
part ot the country is ndl only briefer than is commonly supposed, 
but that durmg the cold season many uays occur when the outside 
temperature is above me treezmg \H}\ni. With the persistence of 
outside temperature below the freezing i>oint, indirect heating meth- 
ods, such as the hot-air furnace, produce an excessively drymg ten- 
dency, or **dryingness" of the air which should be corrected, both 
on account ot the damage to furniture and decorations as well as 
for health reasons. 

(). Heating of rooms by naked (natural) gas flames (grates, 
stoves, etc.), results in an amount of atmospheric humidity which 
is apparently sufhcient (40 to 60 per cent saturation). It was not 
determined whether this increased humidity comes from the oxida- 
tion of hydrogen in the gas, nor whether it is any more than would 
result from the presence of any form of naked hrc in the room. 

7. Very few precision instruments are needed to measure the 
quality of a healthful atmosphere. Some of these the householder 
may do away with and rely upon **primary sense impression" and 
''comfortable room temperature" as guides. No doubt a little 
increased watchfulness, or increase in the acuity of the senses, is 
necessary and may be cultivated. 

8. The effectiveness of any humidifying device is a very relative 
matter. Much depends upon the control of the heat-loss and mois- 
ture-loss through filtration leaks, direct conduction and evaporation. 
It is conceivable that in quarters insulated against such losses, any 
humidifying device, in time, would succeed in completely saturating 
the atmosphere with moisture. Under these conditions, for exam- 
ple, the moisture which a mouse exhales with each breath would in 
time humidify to saturation a large auditorium. Hence the ques- 
tion of the efiicacy of humidifying devices appears to be: What 
ivill supply enough moisture in a few hours time to bring about a 
relative humidity of from 40 to 60 per cent in spite of the chances 
for losses which exist in the ordinary place of residence f As the 
experimenter's observations, which correspond with those of others, 
are to the effect that it requires from a few to 20 or more gallons 
of water per day (depending upon the temperature of the air to be 
heated and its rate of escape from the building) to get enough water 
vapor into the air, it is obvious that some continuously operating 
device connected with the water supply of the building is the most 
practical solution. An atomizing device can be made to accomplish 
this. 

9. Observations in a number of experiments bore out the state- 
ments of others that when relative humidity mounts to from 45 to 
60 per cent, "room comfort" becomes O. K. even when thermome- 
ters about the rooms record as low as 60 deg. fahr. While this 
indicates that a lower temperature than is customary is comfortable 
under properly humidified air conditions, it does not mean that any 
less *'heating," i.e., consumption of coal, is taking place, since the 
heat is simply being used at the furnace to evaporate the moisture 
which comes in contact with the heated air and the furnace box. 
It does, however, render the living atmosphere more healthful and 
comfortable since it does away with the necessity of excessive heat- 
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ing (75 to 80 deg. fahr.) in order to feel comfortable on cold 
days. The cost in fuel is probably about the same. 

10. The apparatus needed to bring about "proper air conditions" 
by the householder are (1) a hot-air furnace of ordinary type and 
an arrangement for air circulation in the rooms and back to the 
furnace (this return being accomplished either by registers between 
floors or by loose door and floor constructions, or by leaving stair- 
way doors ajar) ; (2) a humidifying device, costing about $25.00, 
with from $3.00 to $5.00 additional cost for its installation, the 
same to be connected to the hot-air furnace; (3) a small portable 
electric fan, costing about $10.00 — the same one used in the stunmer 
season for cooling and ventilation; (4) a couple of thermometers 
costing about $1.00 each; and (5) a hygrometer or psychrometer, 
costing from $4.00 to $10.00. The cost of the amount of water 
used is insignificant, while the cost of electricity amounts to a few 
cents a day at the most (the use of the fan for 4 to 6 hours). The 
time necessary for regulating the humidifier and the fan should be 
made to correspond with that of tending to the furnace, at which 
place all three are under control. 

While no new discoveries have been made as the result of these 
experiments, particularly insofar as the sanitarian and ventilating 
engineer is concerned, it is hoped that they may serve to stimulate 
others in the attempt to perfect "air-conditioning of the household" 
and put it on a practical basis for the average dweller. 
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DISCUSSION 

Perry West : I think the author has been very conservative in 
saying that the cost of fuel will be the same for humidification with 
a lower temperature as for no humidification with a higher tempera- 
ture. It seems to me, it will be a little less. Taking wintertime, 
our average temperature is 35 to 40 deg. — and heating 10 deg. more 
would require about 30 per cent more coal, while it only requires 
about 15 per cent more coal to humidify to the extent required in a 
residence. I have always figured there would be about 15 per cent 
saving in the case of a residence. That does not apply in the case 
of a mechanical ventilation system where the air is changed rapidly, 
but where there is no mechanical ventilation, there is at least 15 
per cent saving in the fuel with humidification. 

A. S. Armagnac: There is one point here where the author 
states : "As the experimenter's observations, which correspond with 
those of others, are to the effect that it requires from a few to 20 
or more gal. of water per day (depending upon the temperature of 
the air to be heated and its rate of escape from the building) to 
get enough water vapor into the air, it is obvious that some con- 
tinuously-operating device connected with the water supply of the 
building is the most practical solution. An atomizing device can 
be made to accomplish this." 

There are a number of humidifying devices on the market which, 
it is claimed < will properly humidify a house but it is not stated how 
much moisture is actually evaporated. One manufacturer told me 
he had no accurate figures concerning it, but he did say that any 
humidifying device, such as that installed above the dome of a 
warm-air furnace, is likely to give more humidity than is wanted, 
unless it is controlled. It is very important to have it regulated or 
moisture will accumulate on the walls and windows. 

Most manufacturers will claim that their devices are large enough 
to properly humidify the house, yet we have in this paper the 
statement that some 20 gal. are required per day. Very few devices 
of the ordinary kind are capable of supplying that amount. 
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No. 503 

AIR WASHING AND HUMIDIFICATION FOR 
SCHOOL BUILDINGS 

By Perry West. Newark, N. J. 
Member 

THIS subject is one of vital importance to our school systems, 
and one in which we should all be intensely interested. It is 
very essential that the general question of proper air con- 
ditioning in our schools may be so conclusively settled that the result 
will be acceptable, without question, to every one. I know of no 
greater service which the Society can render, than that of assisting 
by a proper discussion of this subject, in defining what consti- 
tutes the means by which this may be accomplished. 

The questions that are immediately before us are: A. What arc 
the necessities for air washing and humidification in our schools? 
B. To what degree do commercial air washers and humidifiers 
meet these necessities? C. What is the cost of air w^ashing and 
humidification ? 

. The necessities for air washing and humidification in connection 
with a ventilation system are : 

First. To supply the proper degree of relative humidity to mechani- 
cally ventilated spaces; 
Second. To cleanse the incoming air of dust particles, bacteria, 

gases, acid fumes, etc.; 
Third. To dissipate electrostatic charges, so as to reduce nervous 
irritation and facilitate the precipitation of indoor dust, which 
does not come in with the air of ventilation. 
Regarding the first of these necessities, i.e., the supply of the 
proper degree of humidity, it is a well established fact, as has been 
shown by the Chicago Ventilating Commission working on this sub- 
ject for about ten years, the New York State Commission on 
Ventilation working on it for over five years, and a great many 
doctors, physiologists and other scientific investigators, that for 
every degree of temperature and velocity of air motion, there is a 
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The human body is an isothermal machine, always generating 
heat, but never varying in temperature under normal conditions 
more than one degree above or below the normal. This generated 
heat must be dissipated at a proper and even rate, in order to main- 
tain this heat balance; a too rapid dissipation produces a sensation 
of chilliness and a retarded dissipation produces a sensation of 
nervous irritation and enervation. The dissipation of this heat 
takes place by radiation, by convection and by evaporation. While 
the relative humidity of the surrounding atmosphere has little bear- 
ing upon the rates of radiation and convection, it has a very marked 
bearing upon the rate of evaporation. Since, with the other two 
factors constant, the drier the air the more rapid the rate of heat 
loss from the body by evaporation, and with the other two factors 
constant, the warmer the air the less rapid the rate of heat loss 
from the body by radiation and convection, it is evident that as the 
degree of relative humidity of the surrounding air is increased, its 
temperature must be decreased and as its temperature is increased, 
its degree of relative humidity must be decreased, in order to keep 
the iieat balance stable. 

It is also a well established fact that with all of these factors 
constant, the higher the velocity of air motion, the greater the rate 
of heat loss, and vice versa. 

It is evident, therefore, that for every change in relative humidity, 
we must make corresponding changes in air temperature, in air 
motion, or in both, if the proper air conditions are to be preserved. 
Since we have no practical means of automatically correlating these 
factors, except by keeping all of them constant, we must maintain 
a constant degree of relative humidity. 

All that has been said regarding this particular necessity for air 
washing and humidification, has to do with the comfort of the 
children and includes freedom from nervous irritation, chilliness, 
and enervation. 

To refer a little mote particularly to this matter of enervation, 
it has been conclusively proven by the New York State Commission 
on Ventilation that the enervating effect of 78 deg. as compared 
with 68 deg. for the air surrounding pupils in a class room amounts 
to at least 35 per cent of the subjects* inclination for work; in 
other words, the 10 deg. which it is possible to reduce the tem- 
perature of comfort during winter months by the addition of the 
proper degree of humidity to the air, increases the capacity of chil- 
dren for work about 35 per cent. As to the elimination of chilli- 
ness and nervous irritation, I think we can all agree that this has a 
most pronounced effect on the health and welfare of the children 
in a class room. 

Considering these three factors only, and disregarding for the 
moment many others of which we will speak later, I think we can 
readily see that the idea of air washing and humidification is the one 
thing to differentiate modern from obsolete ventilation and to clear 
us of this "canned air" stigma under which we are all laboring. 

With regard to the numerical measure of the necessity for humidi- 
fication, on a zero day with an average of 50 per cent relative 
humidity outside, the air contains about J4 grain of moisture per 
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cubic foot. This air would require to be heated to a temperature 
of about 85 deg., and would have a relative humidity of 2 per cent 
in order to be made comfortable. This does not mean, however, 
that this air would not be very enervating at this high temperature. 

Taking our average weather conditions for the months of Decem- 
ber, January, February and March, the average outdoor tempera- 
ture is about 35 deg., and the average relative humidity about 60 
per cent. Each cubic foot of air under these conditions contains 
about 2yi grains of moisture and would require to be heated to 80 
deg., and have a relative humidity of 23 per cent in order to be 
made comfortable. Here again we have a temperature which is 
entirely too high and very devitalizing but which" is made necessary 
for comfort on account of the low relative humidity of the 
atmosphere. 

In either case the ideal condition would be about 67 deg. tem- 
perature and 50 per cent relative humidity. 

In addition to these necessities for air washing and humidifica- 
tion for preserving the equilibrium of comfortable conditions, we 
have the further and perhaps more important necessity connected 
with the prevention and alleviation of respiratory diseases. 

In connection with this subject, I wish to refer to data collected 
and presented to the School Board of Newark, N. J., by the supervis- 
ing engineer and the superintendent of schools in the spring of 1917 ; 
also to a number of quotations from eminent doctors, physiologists 
and other professional men. In the supervising engineer's report 
there are quotations from Dr. Henry Mitchell Smith, Prof. Winslow 
(Associate Professor of Biology, College of the City of New York, 
Curator of Public Health, American Museum of Natural History, 
and Chairman of the New York State Commission on Ventilation), 
Prof. Theo. Hugh of the University of Virginia, Dr. Wm. Wilson ot 
the U. S. Weather Bureau, Prof. Wm. E. Watt, Principal of 
Graham Public School, Chicago, 111., Dr. W. A. Evans, former 
Health Commissioner of Chicago, and Drs. C. H. Starkey and H. T. 
Pond of McGill University, Montreal, in which all of these eminent 
authorities state that the lack of the proper degree of relative 
humidity in the air of ventilated rooms is the one important thing 
which causes it to be nauseating and unhealthful. 

In reports from 11 of our school principals in Newark, 3 of 
them state that they can give no valuable opinion on account of the 
apparatus not having been operated long enough or continuously 
enough to base an intelligent opinion upon; 2 of the principals 
state that it is their opinion from general observations that the ap- 
paratus is a good thing; 3 of the principals state that it is their 
opinion, either from the amount of mud and dirt taken from the 
apparatus, or from the difference in the feeling of air conditions, that 
the apparatus is a good and proper installation ; 2 of the principals 
state that they were unable after careful observations to detect any 
beneficial results, but it should be noted that both of these prin- 
cipals carry comparatively low temperatures in their class rooms 
and in one case a temperature as low as 62 deg. is carried through- 
out the winter. One principal states that he considers window ventila- 
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tion preferable to any kind of mechanical ventilation, this opinion 
being based upon the opinion of our Department of Medical In- 
spection. 

The following statements are made in a report from a Conunittee 
of the Technical Instructors in the Central High School (Newark, 
N. J.), based upon a long series of tests conducted by them in this 
institution : 

During the month of February, the average temperature in Newark was 
38 deg., the average relative humidity 61 per cent. Heat this air to 70 deg., 
its humidity wiH be 15 per cent. During the eight weeks from December 
10th to February 8th, there were just three days when there was sufficient 
moisture in the atmosphere to produce in our class rooms a degree of 
humidity greater than 30 per cent, which is that of the Desert of Sahara. 
Actual class room tests made on various days from January 12th to February 
13th show percentages of humidity varying from 8 to 20 per cent and in no 
case was this measured humidity different by more than 2 per cent from 
the calculated humidity determined from the known tenrtperature and the 
humidity of the outside air. On January 18th, a questionnaire was sent 
to each of the teachers, replies being received from 54 teachers. Three teachers 
reported no marked effects, but over a score reported throat irritation, 
while there were also numerous reports of headaches, colds, lowered 
resistance to diseases, eye strain, chronic conjunctivitis, catarrhal trouble 
and indigestion. Many teachers reported that the work was more fatiguing 
than usual, the atmosphere stifling, oppressive and enervating; that they 
lost vim and vigor, became mentally loggy, disspirited and were unable 
to concentrate on their work ; the pupils were more dull and sluggish, 
inactive, noisy, disinclined to study, complained that they could not work; 
hand work was poor, discipline more difficult and cases of unusual stub- 
bornness developed. Pupils also begged to have the windows opened and fre- 
quently asked permission to leave the room for a drink of water. 

All of this was with mechanical ventilation without humidifica- 
tion as compared with open window ventilation. 

In a report from Mr. Wm. E. Watt, ventilating engineer of 
Chicago, who was formerly principal of the Graham High School, 
the air washing and humidifying apparatus in the Chicago Post- 
office and in many school buildings is condemned. Yet it is a well 
known fact that Mr. Watt is a strong advocate of humidification. 
He has a system of his own, which he believes is far superior to 
any other, and seems ready to condemn almost all other systems. 

A quotation from Prof. Fred Bass of the University of Minne- 
sota states that humidification is of considerable importance from 
a standpoint of comfort and possibly from hygienic environments, 
but goes on to say that he has not observed any practical effect 
on the health of pupils, due to the presence or absence of ventilation 
or washing devices. This tends to show, to my mind, that Prof. 
Bass, like a great many other educators, believes in proper air 
conditioning, but has not made the proper study and use of it. 

The quotation from Prof. Whipple of Harvard College, simply 
goes to show that some air washers are not efficient in the removtil 
of dust and bacteria, and that, therefore, these kinds of apparatus 
should not be used. 

A quotation from Mr. D. D. Kimball, Past-President of the 
American Society of Heatinc. and Ventilating Engineers, 
and member of the New York State Commission on Ventilation, 
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contains a statement that the use of the air washer increases the 
efficiency of the ventilating plant by not less than 25 per cent. 

The superintendent of schools refers to a sample of water taken 
from one of our air washer plants as giving conclusive evidence of 
the efficiency of the air washer as a dirt removing agency. He goes 
on to state that up to the time of his report no very conclusive evi- 
dence had been brought to bear upon the subject of humidification as 
an agent of health, but since that time, as will be noted from the fol- 
lowing reports, quite a volume of evidence has been brought to 
bear upon this subject. He then concludes his report by saying 
that the apparent need of artificial humidification grows out of the 
use of forced ventilation, and that it is his opinion, therefore, that 
wherever forced ventilation is used, one of the many methods of 
humidification should be applied. 

The summary and conclusions contained in the latest report of 
the New York State Commission on Ventilation contains the 
following : 

The power to do either men'tal or physical work measured by the quan- 
tity and quality of the product by subjects doing their utmost is not at all 
diminished by room temperatures of 68 deg., with 10 per cent, relative 
humidity; on the other hand, the inclination to do physical work and the 
inclination to do mental work are diminished by these high room tempera- 
tures; so far as doing physical work is concerned, our tests show a decrease 
in actual work performed when the subject had a choice between working 
and not working, of 15 per cent, at 75 deg., and 36 per cent, at 86 deg. as 
compared in each case with 68 deg. These experiments seem to indicate 
that overheated rooms are not only uncomfortable, but produce well marked 
effects upon the heat regulating and circulatory system of the body and 
naturally reduce the inclination of occupants to do physical work. Most 
important effects of bad air are due t^ its high temperature and the effects 
of even a slightly elevated room temperature, such as 75 deg. are sufficiently 
clear and important to warrant careful precautions against overheating. 

The first sentence of this quotation will be very misleading, unless 
carefully analyzed and proi)erly interpreted. The meaning of this 
wording, to my mind, is that if driven to it, a pupil can do as much 
work in an overheated room as in a room at the proper tempera- 
ture. Just the same as an ill person in bed might be driven to 
heroic exertions if his house were on fire. In a greater number 
of cases the sick j)erson would be driven to do perhaps as much w'ork 
as a well person, but the results in the end might be very dis- 
astrous. In the same way pupils who are driven to do as much 
work in improperly conditioned air as they could do in properly 
conditioned air, suffer the consequence in the long run. 

Prof. Frederick S. Lee, who has had charge of the special physio- 
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ests of pursuing further the investigation started by the New York 
State Commission on Ventilation. 

The conclusion drawn from these experiments was that the total 
work of the muscles of cats is reduced about 25 per cent by an 
atmospheric temperature of 91 deg. and a relative humidity of 90 
per cent, as compared with a temperature of 69 deg. and a relative 
humidity of 52 per cent. 

In a paper read before the American Pediatric Society in Wash- 
ington, the same Dr. F. S. Lee, made the following statements : 

In these days we hear so much of fresh air and its merits. We have 
fresh air funds, fresh air schools and fresh aif babies. All are commendable 
but while giving to our funds, opening our schools, and putting our babies 
out of doors, let us clearly understand what constitutes fresh air. The 
freshness of so-called 'fresh air* lies not in more oxygen, less carbon dioxide, 
less organic matter of respiratory origin, or the hypothetical performance 
of a hjrpothetically stimulating ozone, but rather in a low temperature, a low 
humidity and motion. So far as fresh air is concerned there .seems to be 
nothing more mysterious about it than this. 

Dr. Gerhard H. Cox of New York in a paper entitled "Experi- 
mental Studies of the Effect of Various Atmospheric Conditions 
upon the Upper Respiratory Tract," conducted under the auspices 
of the New York State Commission on Ventilation, makes the 
following statement: 

Ten subjects with noses selected as normal, and ten subjects selected with 
noses abnormal, in passing from a normal room at 68 deg. temperature and 
50 per cent relative humidity to a hot dry room, 80 to 86 deg. temperature 
and 20 to 30 per cent relative humidity, showed the following reactions: 

Eleven cases showed a swelling of the inferior turbinates, six cases 
showed decreasing moisture of the membranes; five cases showed increased 
moisture of the mennbranes; eight cases showed increased redness of the 
membranes, three cases showed reduction in the size of the inferior tur- 
binates, one case showed no change. The changes were observed to take 
place between 5 and 60 minutes after entering a hot dry room. 

Dr. James Alexander Miller of New York, in a paper entitled 
**Some Physiological Effects of Various Atmospheric Conditions 
based upon Experiments with Out-of-Door air in Various Climates" 
by Ellsworth Huntington, draws the following conclusions: 

There exists a regular seasonal variation in physical efficiency which in 
this climate is shown "by two maximum waves; one occurring in the si)ring 
and the other in the autumn, with a corresponding depression in mid-winter 
and mid-summer. The main factor in these seasonal variations is tempera- 
ture. The percentage of sunshine and relative humidity are minor factors 
of relatively slight importance. Extremes of temperature, whether high or 
low, are detrimental and there exists an optimum temperature for physical 
efficiency which Huntington's statistics show to be 60 deg. 

A change of temperature, if not too great, is more stimulating to working 
efficiency than uniformity and a fall of temperature has more effect than a 
rise. A fall of from 4 to 7 deg. is everywhere stimulaiting. Efficiency is 
more marked at the end of a storm and less so on a very cflear day. fiach 
storm with its changing skies and varying humidities and slow rise and 
rapid fall of temperature is a stimulant and raises efficiency. The ideal 
climate from the standpoint of efficiency is one in which the temperature 
range is between 38 deg. and 65 deg., in which the humidity is uniformly 
neither very high nor very low, and in which there occur frequent but 
moderate variations of temperature from day to day, interspersed with a 
considerable number of cyclonic storms. 
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It will be noted that in the above, considerable stress is laid upon 
the stimulating effects of storms. As pointed out elsewhere, this 
stimulating effect is no doubt due largely to the elimination of 
static electric charges, as well as to the change in temperature and 
humidity referred to. 

Dr. Wolff Freudenthal, an eminent French physician, in a paper 
read before the Brooklyn Medical Association, at the International 
Congress of Physicians, makes the following statements: 

In our rooms there is positively not over-mudi humidity, but on the 
contrary, too little. This is due to the manner in which, our houses are 
heated. The relative humidity which ought to have a minimum of 40 per 
cent, never attains that lowest normal point. The influence which this 
abnormal dry air has on the mucous membranes of the nose, throat, etc., 
is as follows: 

It has been proven that dry air. if inhaled, will become sat- 
urated in the nose and nasopharynx, that is to say. the drier 
the air we inhale, the more moisture will be given off by nose 
and nasopharynx. The work of these organs will be so much greater 
with every particle of air we inhale. How long the mucous memtjranes of 
these parts will be able to furnish the necessary water supply, will only, there- 
fore, be a question of time. Consequently we will sooner or later reach the 
point where the mucous membranes of these parts will be as dry as a well 
in the summer. This will occur, for example, in very cold weather^ either 
temporarily in perfectly healthy persons, or permanently, as we see it in so 
many thousands of cases in pathological conditions. Thus a dry rhinitis 
develops and I could experimentally produce the same condition in any one 
of you under like surroundings. As most of us are exposed to this exces- 
sively drv atmosphere for the greater part of the time, it is evident that the 
lack of humidity is the greatest factor in producing nasal and post-nasal 
catarrh with all of its sequelae. I hope you will be convinced from the 
foregoing remarks that dust does not play that importent role in the 
etiology of catarrh which was attributed to it by many writers thirty years 
ago, but just walk down our avenues on a windy day, and you will be 
convinced that it has a very pernicious effect. Dust plays some role in 
producing catarrhal conditions of the nose; added to the lack of humidity, 
It becomes an important etiological factor. 

The New York Board of Health recently issued a pamphlet in 
which the following statements are to be found : 

In the closed-window mechanically-ventilated type of class rooms, kept 
at a temperature of about 68 deg., the rate of absence from respiratory dis- 
eases was 32 per cent higher than in the open-window naturally-ventilated 
type of class room kept at the same temperature, and about 40 per cent 
higher than in the open-window naturally-ventilated type of class room kept 
at a temperature of about 50 deg. In other words, the children in class 
room>s with closed windows and ventilation by mechanical methods were 
more subject to respiratory diseases, severe enough to keep them from school, 
than were the children who were in class rooms kept at the same or lower 
temperatures and ventilated wholly by open windows. The relative humidity 
of class rooms, whether ventilated by natural or mechanical means, was not 
a causative factor in the occurrence of respiratory illness among school 
children. 

The above conclusions were drawn from a survey made by the 
Bureau of Child Hygiene in the City of New York in 1916. oper- 
ating in conjunction with the New York State Commission on Ven- 
tilation, in which 6,533 pupils, 76 class rooms and 12 schools were 
investigated during^ five months' period in the late fall, winter and 
early spring. 

A careful analysis of these statements without further data shows, 
however, that they mean absolutely nothing so far as a comparison 
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of proper with improper air conditions are concerned. In the first 
place it will be noted that class rooms with mechanical ventilation 
and consequently more or less air motion are supposed to be com- 
pared with those of the same temperature having open window ven- 
tilation and presumably less air motion. In this comparison, how- 
ever, the detailed report shows that the open window rooms were 
kept at a temperature of about 66 deg., while the mechanically- 
ventilated rooms were kept at about 70 deg. 

We would naturally expect poorer results from the mechanically 
ventilated rooms under these circumstances, even with the same 
degree of relative humidity. It is not stated, however, as to whether 
or not the same degree of relative humidity was carried, and if no 
moisture was added in either case, the mechanically ventilated room 
would naturally be much drier, due to the more rapid air change 
and less opportunity to absorb moisture from the pupils. 

In the second place, open-window rooms at 50 deg. are compared 
with mechanically ventilated rooms at 68 deg., which is without 
question a futile comparison^ as either type of room would nat- 
urally be more healthful at 50 deg. than at 68 deg. 

In neither case is the temperature of the incoming fresh air to 
mechanically ventilated rooms taken into consideration. This initial 
temperature having a marked influence on the relative humidity 
of the air in certain parts of the room compared with the average 
humidity of the entire room, would have a decided bearing upon 
the comparative results. 

Any conclusions based upon these statements are without proper 
foundation and if the conclusions regarding the degree of humidity 
in its relation to respiratory diseases have no better basis, they are 
not only worthless, but very misleading. 

It should be noted also in connection with this report that the 
latest reports of the New York State Commission on Ventilation, 
in collaboration with which these experiments were supposed to 
have been made, do not bear out the conclusion arrived at in the 
report of the Board of Health. 

Regarding the second necessity for air washing and humidifica- 
tion, i.e., for cleansing the incoming air, it should be understood 
that the air of our great cities today contains from 100,000 to 
1,500,000 dust particles per cu. ft. of air, as high as 100 counts of 
bacteria and varying percentages of gases from automobiles, acid 
fumes from factories, etc. 

Dust, as we all know, is most unhealthful, both on account of 
being a source of irritation and inflammation of the lungs and 
respiratory tissues, and on account of being the principal carrier 
of the floating bacteria in the air. Gases are, of course, both 
unhealthful and irritating, according to their nature and quantity. 

Regarding the third necessity for air washing and humidifica- 
tion, i.e., for the dissipation of electrostatic charges, we should 
realize that a great deal of the irritating and enervating effects 
of improperly conditioned air are due to this electrostatic charge. 
Air is charged with static electricity in a great many ways and espe- 
cially is warm dry air usually charged to a greater or less degree. 
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These charges are generated by heat, by evaporation and by fric- 
tion, etc., and their effect as far as we are now concerned, is that 
they play a great part in producing that irritating and depressing 
feeling so noticeable just before a heavy thunder storm, also 
that they cause dust particles to repel one another and to fly about 
in a most bumptious manner, instead of settling to the floor. All 
of this means that air on being heated and forced through ducts, 
etc., becomes charged, with the result that it is irritating, depress- 
ing and a disturber of chalk and other dust in the class rooms. 

Having considered the principal necessities for the cleansing and 
humidifying of air for ventilation, the next question is — in what 
measure do commercial air washing and humidifying apparatus 
fulfill these requirements? 

First, there is no question in the minds of those familiar with 
such apparatus, that properly designed air washers and humidifiers 
will produce and maintain any desired degree of humidity within 
the possible range, regardless of outside atmospheric conditions. 

Second, as to the removal of dust and bacteria, we have a number 
of authentic tests which demonstrate that a proper air washer will 
remove from 50 to 98 per cent, depending upon the fineness of the 
dust and its nature. For ordinary conditions met with in school 
house ventilation, I think that we are safe in assuming that a 
proper washer will remove at least 90 per cent. In practical tests 
in the Newark schools, we have removed as high as five pails of 
mud from a single air washer per wxek. Also there is a school in 
Brooklyn, N. Y., where they also remove five pails of mud from 
a single air washer in a week's time. 

Third, as to the removal of gases, we, of course, realize that a 
proper air washer should remove the greater percentage of soluble 
gases. There is the case of the Northwest Grammar School in 
Philadelphia, Pa., reported by the Health Officer at the National 
Convention of School Superintendents at Philadelphia, 1913, where 
a sample of the water taken from the air washer was two-thirds dirt 
and carbon, about 20 per cent oil, and a lar^e percentage of gaso- 
line. The gasoline was found to burn freely when a match was 
applied. This school was located near a garage from which the 
gases found their way into the fresh air intake. 

Fourth, as to the cost of air washing: and humidification, take 
for example, a school designed for 1500 pupils, requiring 45.000 
cu. ft. of air per minute ; the cost of the highest grade air washer 
and humidifier would be about $3,000. The operating costs of this 
apparatus for continuous service durine^ the four months of 
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This amounts to a cost of about 28 ct. per pupil per year. The 
first cost of this apparatus is about 6 per cent of the usual cost of 
the heating and ventilating equipment and about 1 per cent of the 
total cost of the building. 

My answer to the question whether we are securing such im- 
proved conditions as are above referred to, in our Newark schools 
where air washers have been installed, is that we are not as yet 
reaping the proper benefits from them, and as far as I can learn, 
most other cities are in about the same position. This is not only 
true of air washing and humidification, but it is true of ventilation 
as well, and of the $75,000 which we spend annually to supply and 
condition air in our school buildings, I am free to say that it is 
my opinion that we are perhaps not reaping more than 50 per cent 
of the value received for this expenditure. 

The reasons for this are not far to be sought. First, it can be 
readily understood from what is said above and from what we 
know of the other factors connected with proper ventilation, that 
the defining and maintenance of proper air conditions is no srnall 
undertaking. It not only requires a thorough understanding and 
proper handling of this subject by engineering experts, but it 
requires an equal amount of proper understanding and. proper 
handling on the part of the educational, medical and operating 
branches of the system. In other words, it is, generally speaking, 
no fault of the apparatus that we or others do not get proper and 
satisfactory results from the modem ventilating apparatus, but 
more a fault of the varying and diversified uses which are attempted 
to be made of this apparatus. The remedy for this lies not in saying 
that it can't be done, but in bringing to bear upon the problem the 
intelligent and s)mipathetic cooperation of all branches of our 
system. 

In the meantime, I do feel that it is an unwise policy not to 
furnish the necessary apparatus with which to accomplish proper 
results, as we most assuredly will never be able to accomplish such 
results, unless we have the apparatus. To do otherwise, would be 
to acknowledge defeat before trying to succeed and would neces- 
sarily be accorded a step backward. 

The whole status of the question of proper air conditions reminds 
me very much of the present status of civilization; where a great 
nation of supposedly civilized people frankly proclaim that they 
do not believe in the generally accepted kind of civilization and 
intend to fight its existence to the last ditch. There is a great 
army of the users of conditioned air who frankly proclaim that 
they do not believe in our modern methods of conditioned air and 
they intend to fight them to the last ditch. In either case the solu- 
tion lies in fighting and in educating, and until the latter is ac- 
complished, we will not have proper conditioned air, any more than 
we will have a stable civilization. 

I hear arguments against modem air conditioning such as that 
about there having been no air conditioning apparatus in the 
'little red school house," and the pupils not dying any faster in 
school rooms without ventilation than they do in school rooms with 
ventilation. As far as the "little red school house" is concemed. 
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we must realize that conditions have changed and that our entire 
environment of life is different. The free pure air which tormerly 
existed in country surroundings, does not exist any more, especially 
in our large cities. The colder and more invigorating tempera* 
tures which we used to enjoy, are no more considered to be com- 
fortable. The flannels that used to be worn, have given over to 
thin muslins, and the strong physique and steady nerve of past 
generations have given way to weaker frames and higher-bred 
nervous constitutions. 

As to the comparison of the death rate with and without ventila- 
tion, I should like to point out that the death rate in the majority 
of our great cities is lower in the poorer and more congested dis- 
tricts than it is in the wealthier and more sparsely settled sections. 
This does not mean to my mmd that if we were designing a city, 
that we should construct it entirely of slums, any more than it does 
that we should have poor air conditions in our schools, simpl) 
because it does not kill pupils faster. In the same way our pupils 
would no doubt thrive as well and learn as much in a barn-like 
building as they would in some of the beautiful edifices which we 
construct for them. At the same time this is no argument for 
constructing bam-like schools with no influence for culture or 
beauty, any more than it is for omitting such things from the 
equipment of these buildings. 



DISCUSSION 



Perry West : I think we concluded some time ago that it is not 
so much what we as engineers do in a professional way that is going 
to make engineering and the engineer famous, but what we do to 
get it over to the public so that they can make the proper use 
of it. Shakespeare was not a great man because he was a great 
writer, but because he had the faculty of being able to write 
things that other people would read and make good use of. In the 
same manner, our engineering accomplishments are only great and 
useful in so far as we can make people understand them and use 
them in the right way. 

It seems to me that our engineering diplomacy has been carried on 
along obsolete lines for some time. We have been too apt to say, 
at each stage of our developments : That this or that is the last word 
in the development of the apparatus; that it will do exactly what 
it should do ; and that the public should take the apparatus and be 
perfectly comfortable. Before we had the air washer we said to the 
people who were desirous of having good ventilation: "We will 
put in a fan heater and give you plenty of nice, warm fresh air, 
and give it to you at a temperature of 68 deg. and you must be 
perfectly comfortable in it, because it is a perfectly comfortable 
atmosphere," and we thought that way, but we did not believe, nor 
take, people's word for it when they told us they were not com- 
fortable under those conditions. 
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Now we* know better than that, and we know that we must 
make our conditions reasonable. The international diplomacy of 
the world said that the nations of the world must be perfectly 
happy and contented under a certain diplomatic adjustment whether 
or not it was reasonable and proper according to the judgment of 
the people who were governed by it but it did not work out. So we 
must get something that is perfectly reasonable and everybody must 
understand it, not only the people who are operating the thing, 
but the people who are being operated upon*. 

E. S. Hallett: I think the comment Mr. West made in his 
paper in regard to the necessity of pubhcity is the most important 
ihmg he has said, and it is the most needed thing at the present 
time. The public generally is not aware that there is a means of 
providing good, pure air for their buildings, factories, picture shows, 
theatres, schools and the like. We are now all of us acquainted 
with good water. Twenty years ago there was not a city in the 
United States, located upon river banks, that did not use muddy 
foul water for all purposes, and when a single city discovered that 
water could be purified and made fit for drmking purposes, all of 
the cities voted at once to purify their water supply. We, there- 
fore, had no longer epidemics of typhoid and dysentery and dis- 
eases of a similar kind, that come from the drinking of impure 
water. 

The government is protecting us in our food supplies by rigid 
inspections everywhere. We have yet one element coming in con- 
tact with our bodies, with regard to which we have not been pro- 
tected. We have not made the air safe for our people. 

In our schools, Mr. West's schools and others, we have all these 
devices, and we have good air, but what we need most of all is to 
get rid of these great plagues, these respiratory diseases that medi- 
cine at the present time has no cure for, and I think Mr. West's 
statement as to the necessity of popularizing the matter of ventila- 
tion is the most important thing before this Society. 

Now, as to the air washer, I think there is something more than 
we have yet done in protecting our air supply that remains to be 
done. We do humidify. That is effectively done. It is very simply 
done. We have devices for regidatihg the humidity to any prede- 
termined point, and if these regulating devices break down, if we 
maintain a proper relation of the temperature of the water to that 
of the air in the house, we shall have a close approximation, so we 
are not going to get any complaints from a properly operated air 
washer, even without the finer control; but the water continually 
collecting dust and bacteria and gases gets surcharged in a short 
time until no more gas, etc., can be contained within the water, and 
necessarily most of it will pass on through, and that is continued as 
long as we use the same water in the washer. 

I am sure that we are coming to a point shortly where we shall 
sterilize the water by some means and destroy the germs and 
thereby get rid of those that would pass on through. Now, you 
might say they cannot go through the spray — that they cannot go 
on into the house. .That may be true, while they are wet, but 
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when the apparatus is closed down it dries off the scrubbers, the 
eliminators become dry, and when started again the next inrush 
of air carries the bacteria on and the room is directly tilled with 
bacteria, so it is necessary to sterilize the water, and 1 am sure 
that we shall get to the point of sterilizing this water by some means 
other than we have now at hand. 

The author quotes in a portion of his paper a statement from 
some other author that there is probably no such thing as products 
of respiration, injurious to health in the air. Now, that has been 
quoted and re-quoted several times, and we seem to jump at that 
as something that is conclusive. I do not believe it. If there were 
no elements injurious to health in respired air we could, at our place, 
save $30,000 to $40,000 a year in coal at once, because we change 
the air in our school rooms seven or eight times an hour, and that 
heat is all wasted because the air is discharged from the room. 

1 could re-treat and re-circulate the air and have it perfect if it 
were not for the products of respiration. Carbon dioxide when 
made chemically is not injurious, and even if it were I could absorb 
that with lime water. I am not concerned with that. We know 
. very well that we get smells. If one will go into some of the school 
houses in St. Louis in the congested districts he will find smells 
there, plenty of them, in spite of anything that can be done. No 
matter how well you have the air conditioned, there will be strong 
smells of garlic and onions and many things of that kind. 

We are all familiar with the fact that such diseases as scarlet 
fever and diphtheria are borne in the air, and I am satisfied that 
this statement to which I have referred is a mistake, and that there 
is an injurious product of respiration exhaled, and that is one of 
the things I would like to see our Research Bureau handle. I 
would like to know what that is, and I would like to know what it 
is that will cure it and will counteract it, because if I can do that I 
can save all the heat. 

Again, Mr. West speaks about the value of having a change, 
having some variety occur in the temperature of the room. He 
states that there is no way known at the present time to do that. 
I want to tell him that a member of our Society, Prof. Kinealy, 
living in St. Louis, has a patent on a device for that very thing. 
He has not yet built any apparatus. We have offered to lend him 
one of our schools for trying it, and he will probably act on that 
offer and make the test in one of the schools. His patent, in short, 
consists in cutting in a valve on the air line that connects with the 
thermostat that regulates the mixing dampers, which change from 
the hot room to the tempered air room, and putting the control on a 
program clock so that at the time the classes change from one room 
to another, which is a matter of a few minutes, this hot room 
damper will close off the hot air and tempered air will be drawn 
into the room until a cool breath of air is felt around the room, and 
then the conditions are changed back again, putting the room on 
the thermostat control. 
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Prof. Kinealy has already patented that apparatus and you may 
hear from him. He is looking to the very thing we are trying to 
solve. 1 am sure that we shall soon come to a place where we 
shall make our air safe, and that these diseases that are now so 
destructive, such as influenza and tuberculosis, shall be very greatly 
modified. 

Dr. Wolff Freudenthal^ : I have learned a good deal, and 
hope I will learn a great deal more from you gentlemen, because 
I need it. The lack of knowledge among the physicians in regard 
to these questions is enormous. The state of ignorance about such 
conditions in general among the medical profession is appalling, 
and it is up to you gentlemen to educate us in these matters. 

As to moisture in the air, I made, some 25 years ago, the same 
experiments Dr. Hayhurst has reported here tonight, only Dr. 
Hayhurst made them more exactly and with greater knowledge of 
certain conditions than I did. When I started in practice here some 
32 years ago I noticed I could not breathe well during the cold 
weather in winter; and some of my patients complained of the 
same symptoms. I then examined them carefully and could not 
find any reason for it, according to the knowledge of that time. 
There was plenty of room to breathe through the nose, and yet 
people complained of lack of air. I thought over the matter and 
finally I came to the conclusion that the cause was in our own rooms 
which we inhabit, and that it was lack of htunidity that caused all 
these symptoms. I asked myself — how is it possible that here on 
Manhattan Island we should suffer from lade of htunidity when 
we are surrounded on all sides by water? It was a matter of 
surprise that we should suffer in winter from lack of water when 
we suffered frcwn a surplus of moisture in the summer. 

I began to study the physiology of the nose and respiratory dis- 
eases, and if it will be of any interest to you I want to tell you that 
the function of the mucosa, or the mucous membrane or lining of 
the nose, is first to filter the air that we inhale. The organism has to 
be protected against foreign bodies, not only dust, but all possible 
bacteria and germs. We do inhale the bacillus of tuberculosis. 
The bacillus of tuberculosis, by the way, gets into the organism in 
some other ways too, through the food, etc., but mostly we inhale 
it. I am treating tuberculosis patients in great numbers. I have 
been connected with the Montefiore Hospitd for many years, and I 
get the patients' breath just as fresh and directly as any one can 
get it. But most likely there is some power of resistance within my 
organism that protects me. I have shown elsewhere that when we 
inhale, the current of air strikes the posterior wall back of the 
nose, and there is a small place, a cul de sac, where it is kept for 
a time. If there is good soil in that place the bacillus of tuberculosis 
has found an entrance to the body right there. If it has not, it is 
expectorated and it does no harm. That is the first function of the 
nose to which I desire to call your attention. 

The second function of the nose is to heat the air we inhale. It 
was proven long ago by some friends of mine, Aschenbrandt and 
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Kayser, that the air we inhale is warmed up to 30 cleg. C, no 
matter how low the outer temperature of the air may be. That 
work is done by the mucous membranes of the nose, and it is 
natural that the inhaled air should go up to the temperature of the 
blood or it would do harm. 

The third point is that the air we inhale has to be moistened. 
Up to about 25 years ago, when I began my studies, there were only 
vague ideas about that point. I repeated some of the experiments 
made by Aschenbrandt and Kayser by having different people inhale 
certain atmospheres. Then two different kinds of new experiments 
were made. I took pathological conditions, that is I took patients 
who were suffering from some nose trouble, children with adenoids, 
enlarged tonsils, or people with enlargements in the nose, etc., but 
that part will not interest you very much. Then I took normal per- 
sons, as normal as we can get them here, and had them inhale abso- 
lutely dry air. I got the air dry by having it filtered through an 
apparatus which was filled with pumicestone, and in that way the 
patient inhaled absolutely dry air. Thus I was able to prove at 
that time that the lining, the mucous membrane of the nose brings 
the moisture up to the same degree as at any time previously ; that 
IS, the mucosa had to do much more work under these conditions 
than it did before. 

Now, this fact holds good for the atmosphere we have in our 
rooms. Twenty-five years ago I found, just as Dr. Hayhurst and 
Mr. West have found, that in the majority of cases there is not 
enough humidity in the air. There is not 40 per cent relative 
humidity in the rooms, which is the minimum required for breathing 
purposes. That is a bad condition. I think Mr. West found from 
20 per cent down to 8 per cent of humidity. That is way below 
what it should be. You take the humidity, i. e., water, from the 
human organism, for example, take it away from the organism 
of little children, and it cannot be replaced so quickly. For in- 
stance, if you are worth a great deal of money, and take out of 
your pocket money all the time and do not put any in, a point will 
be reached when there is nothing more to take out. It is the 
same way when we reach that point in the nasal organs. There is 
then absolute dryness in the nose and, from that moment on, the 
air we inhale is not assimilated any more ; that is, it cannot be made 
suitable for the physiological functions of the organism. Such 
patients will not breathe through the nose; they have to breathe 
through the mouth. 

I examined the relative humidity in the wards of a hospital up 
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ning of November and at the end of March, that is, at the beginning 
of the winter and at the end of it. At the beginning of the winter, 
after they had had all the outdoor air they could possibly get in 
the summertime there were very much fewer cases suffering from 
the dry rhinitis, i. e., from the dry condition of the nose, than at the 
end of the season, and that is certainly due to these causes which I 
have explained here. 

I want to say that when you go to a theatre or to the opera and 
enjoy the great performances which you see, the next morning you 
wake up with a terrible headache. To what is that due ? It is 
not due to alcohol, because alcohol does not do all the harm in this 
woi*ld. It is simply due to the dryness of the air which you had 
been breathing the night before. At the Metropolitan Opera House 
— I mention that because it is the best theatre in New York — the 
air is so dry that the secretion dries in the nose and the naso- 
pharynx, and this dry secretion presses upon the nerves and causes 
a headache. When you jump into the water, exercise or take a 
good walk, that will disappear. 

As to the matter of publicity which was referred to by Mr. West 
and the gentleman from St. Louis, I will take the liberty of reading 
just one paragraph from a letter which was written ta me by a 
friend of mine, Mr. Waldemar Kaempffert, the editor of the Popular 
Science Monthly. In some correspondence I had with him about 
this question he said : 

There is no very good reason, to my mind, why furnaces should not 
be now fired by gas. Not until physicians conduct a publicity campaign in 
the newspapers is it likely that furnace makers will do anything. 

Now, gentlemen, I ask you, is it not time that we give up our 
old fashioned furnaces, with dust and coal gas, etc.? You do not 
have these troubles because you are experts and can remedy them. 
But there are many millions of our population who have not that 
knowledge and are suffering from the evil effects of the furnaces. 

There was a great campaign last winter directed toward the sav- 
ing of coal so that the manufacturing plants could have sufficient 
coal for their necessities. We tried to save coal, but as you walked 
along the streets of this city, especially the side streets, you saw 
barrels of ashes with large quantities of unbumed coal in them, 
absolutely black coal, and this coal was being thrown away. I say, 
have we not reached a time when you gentlemen can constnict 
something better? I have looked into several methods of supplying 
heat — ^they have been advertised as smokeless, fumeless and vapor- 
less, but they do not serve the purpose satisfactorily, and I believe 
that we shall have to turn to gas. So far these things have not 
been effective. I should think something could be constructed that 
would serve the purpose of heating our homes and buildings, by 
which we could get all the necessary appliances that we need tor 
health. 

I suggested in the beginning, and I will repeat it now, that the 
nose has to filter, warm and moisten the air in the body, and, 
gentlemen, that is exactly the work you are doing. I have confi- 
dence that the members of this distinguished Society will construct 
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something very soon that will not only give us comfort, but will 
be hygienic as well. 

S. J. Brown : You said a good deal about the lack of humidity 
in our homes. How about a remedy? How would you remedy 
that condition in your home, for example, and provide the remedy 
which you say we lack ? 

Dr. Wolff Freudenthal: I wish Mr. Brown would answer 
that question for me. He is more of an expert in that matter than 
1 am. 1 think it is absolutely required that we should introduce 
moisture into the rooms of private dwellings, schools, etc., by some 
apparatus, whether it is this humidifier or some other apparatus, 1 
do not know. 1 am waiting for you, gentlemen, to find some spray 
or some system that will moisten the air. We need more than a 
gallon of water per day — perhaps we need 10 or 20 gal. to make it 
work properly in a moderately sized house. 

I have tried to find the best apparatus for such purpose, and it 
seems to me when I write about it to the manufacturers they are 
reluctant about answering, I have never seen any advertisement in 
the medical papers. Why don't they advertise to the physicians, 
who ought to be instructed in such matters? I wish they would 
do it, and I wish any gentleman who finds a good apparatus that 
is not too exi)ensive and that could be put into the houses would ad- 
vertise it to physicians as vvell as to laymen. 

S. J. Brown: May I ask Mr. West in regard to what he said 
about the disastrous eflfect of dry air upon the mucous membranes? 
Should we therefore discourage the use of hot air furnaces in the 
schools? We have them in the schools all over the land. 

Perry West: I do not think the question is whether we heat 
with a furnace, or steam, or water or that the method we use in 
heating, enters into this discussion at all. It is the same as the 
question of whether we ventilate by opening windows or ventilate 
by the use of a mechanical system; that is not the question, either. 
The question is to get the proper air conditioning. The way we get 
it is entirely beside the question. We do not want to say it shall 
be done this way, that way, or the other way, but we must have 
the proper conditions. I do not know whether that answers Mr. 
Brown's question or not, but that is what we are striving for. 

I should like to say while I am on my feet that I think the proper 
answer to Mr. Brown's other question is this — to get people so 
interested in demanding an apparatus that will properly humidify 
the air in the homes that manufacturers will construct one which 
will do it, and one with a proper control device, which will give an 
automatic control. A humidifying apparatus is just like an engine, 
it may be all right, but unless you have a governor for it, or some- 
thing to hold it under control, it may not be any good. The thing 
may be strong enough to do the work and perifect in all respects, 
but if it has no governor it is not used. The same thing applies 
to the humidifying apparatus — that is the great trouble with humidi- 
fying apparatus on the market for home humidification. The 
demand has not been made strong enough and the people are not 
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willing to pay a sufficient price and go to sufficient trouble to buy 
the apparatus and have it installed, and when they do you can rest 
assured the manufacturers will be only too glad to make the appa- 
ratus that is required, tell you where to get it, what it costs, and 
all about it. 

S. J. Brown: I was asking whether the hot air furnace made 
the air drier than steam or hot water heating systems would do. 

W. S. Koithan: When taking air exclusively from outdoors 
with the hot air furnace, it is bound* to be drier indoors than if the 
air is recirculated. The furnace people make a mistake in not pro- 
viding a return connection for furnace heat. One will get as good 
ventilation that way as with direct steam or hot water systems; 
but when you take air exclusively from outside (in a hot air fur- 
nace system) and, say you have air at 30 deg. and saturated, the 
humidity would be about 25 per cent, at 70 deg. If you will notice, 
most hot air furnace systems on a very cold, dry day, will require 
between 75 and 80 deg. of heat, and sometimes 85 deg. before you 
are comfortable, simply because the air is so dry and the absorption 
of moisture so rapid that you must make up the deficiency with the 
hotter air, and the air is that much drier relatively, at 80 degrees of 
heat as you only have about 20 per cent of moisture. 

George B. Nichols: The paper presented has dealt wholly 
with the methods and results to be obtained from the installation 
of humidifiers. For a considerable number of years, humidifiers 
have been recommended for various classes of buildings and I 
believe the time has been reached when actual field data can be 
presented. I believe it would be to the interest of the Society if 
a canvass were to be made of the various buildings where humidi- 
fiers have been installed, to determine to what extent these pieces 
of apparatus are being used in actual practice. In my own experi- 
ence, I have found that after installing such pieces of apparatus, 
those in charge of the buildings have completely ignored their use 
and the equipment stands idle. ^Within the last year, I have had 
occasion to make a canvass of a large number of buildings where 
fan systems were installed, particularly in public institutions, to 
determine to what extent they were being used. At one particular 
institution, under the direction of a medical superintendent, I 
inquired regarding a new building recently constructed, if the fan 
system was giving satisfaction, and was informed that the building 
was being well ventilated and that the fan was a great addition to 
it. Upon investigating there, I found that the fan had not been 
run since the building was constructed. This, I believe, is not an 
unusual case in large institutions. 

Out of all the cases examined, it was found that not over 50 per 
cent of the fan systems were being operated. 

It is, therefore, well enough to discuss the merits of air washers, 
but I believe it is rather a dangerous practice to install in public 
buildings expensive apparatus that will not be used, which has a 
tendency to draw down criticism upon the profession. 
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As I understand this question, the Department of Health of the 
City of New York has instructed the Department of Education not 
to install further fan systems in public schools. If such is the case, 
I would recommend that this Society should invite the representa- 
tives of the Department of Health responsible for this action to 
appear before it and present the arguments and figures on which 
such a drastic stand is taken. 

I would call to your attention that the State Law on this subject 
reads : 

The Commi'ssioncr of Education shall not approve the plans for the erec- 
tion of any school building or addition thereto or remodeling thereof unless 
the same shall provide 

a. At least 15 sq. ft. of floor space and 200 cu. ft. of air space for each 
pupil to <be accommodated in each study or recitation room therein. 

b. For assuring at least 30 cu. ft. of pure air every minute per pupil. 

c. The facilities for exhausting the foul or vitiated air therein shall be 
positive and independent of atmospheric changes. 

It, therefore, would appear that the steps being taken by the 
Department of Health are contrary to the State regulations. 

Chas. a. Booth : I am entirely in accord with the last speaker. 
The way in which heating and ventilating apparatus is installed and 
used goes far in determining whether it is an essential thing and 
a good investment. Whether as engineers, contractors, or as manu- 
facturers, we should feel it necessary to devote some time to fol- 
lowing up the installations for which we are responsible and seeing 
that they are operated as they should be. 

We hear about these tests in the New York schools, and the 
only information that appears is that certain of these schools had 
mechanical ventilation; nothing is stated as to what system of 
ventilation was used, whether it was modem, or out of date, whether 
it included any means for air washing or humidification, nothing as 
to whether the apparatus was in order or even in operation at the 
time of the test, nothing as to the temperature, the humidity, or the 
volume of incoming air, simply a statement that they had made a 
test of certain schools mechanically ventilated and compared the 
results with schools that were ventilated by open windows, and 
from these tests drawn certain conclusions. 

It is said that these conclusions were unwarranted, but the fact 
that such a report could have gained publication, and that no atten- 
tion was paid to the question of whether the mechanically ventilated 
schools were really operated to the best advantage or not, simply 
shows that no attention has been paid to this matter by our own 
members. 

I have been in schools and other institutions where the apparatus 
was not operated. I know of one large city where the ventilating 
apparatus — ^and there is ventilating apparatus in every school — is 
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That is something that does demand our attention as an associa- 
tion more than as individuals, because we as individuals cannot 
accomplish a great deal, and our action as an association will 
accomplish a great deal more. We must see that the equipment 
that we advocate, and which all of us are willing to agree is essen- 
tial, is operated to the best advantage. We should go at it from 
two points: one is the education of the engineers or janitors in 
charge of the apparatus, and the other is to reach the head authori- 
ties in the school boards, the source from which directions come 
as to the operation of the apparatus. 

The case I have just mentioned brings up the question of the 
so-called **split system," in which direct radiation provides for 
heating except in most extreme weather, a system which has 
acknowledged advantages, but the installation of which makes it 
possible to heat without ventilation. A double system is all very 
well, but if it means that we have a single system for nine-tenths 
of the time, it would be better to have a single heating system all 
the time, and that system the one which would involve mechanical 
ventilation. 

E. S. Hallett : That is the best argument I have heard against 
the use of the "Split System" of heating and ventilation. To put 
direct radiation in the room to supply the heat and a fan system to 
furnish pure air and then do as is reported here, i. e., let' the fan 
stand idle is, to put it mildly, a gross injustice to the occupants. I 
think that anybody who would take liberties with the health of the 
children in schools by cutting out the ventilation is assuming a 
responsibility of alarming proportions. 

If I am talking to any school people I hope I have their approval 
in protesting against the non-use of ventilating apparatus. Better 
put all the heat in the air and then health and comfort will go 
together. 

Theodore Wkinsiiank: The gentleman who just spoke is evi- 
dently trying to U])sct that which our best authorities have recom- 
mended for a number of years. One of our leading lights in the 
[)rofession, who recently died, spent a numl)er of years in experi- 
menting, and he came to the conclusion that a split system of heat- 
ing is the proper system for a modern school room. He has given 
us facts and data that we are using as authority. He has demon- 
strated that direct radiation placed at the outside walls under win- 
dows forms a curtain of warm air and the air supplied to the 
building with a fan is used for ventilation only. This has proven 
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In Indiana, we have laws compelling principals of schools to look 
after the operation of mechanical equipment designed for ventilat- 
ing purposes. Such laws should be in every state. 

Perry West : Mr. Nichols brought up the question of not oper- 
ating the apparatus, which is a pertinent question, a live question. 
Afuch good apparatus is not operated and it is a question that we 
ought to be immensely interested in, but the answer to that question 
is this — that the users of ventilating apparatus, who are the in- 
habitants of the buildings, are not interested enough, they have not 
made enough of a study of the question, they do riot know enough 
about it, to know that they can get much better conditions with 
that apparatus in operation than they can if it is idle, and therefore 
they do not make it to the interest of the janitor, or whoever is in 
charge of the apparatus, to operate it. 

I have had enough experience with engineers and janitors to 
know that if one is lukewarm about it, and says, "It does not make 
any difference to me whether you run the apparatus or not, I do 
not know whether it is any good." The janitor will not run it, of 
course; he would be a fool if he did. 

I think that is the answer to this question, and as several of the 
speakers have said, the greatest problem in connection with this 
proposition is publicity, as we want to get it to the people, and get it 
to the men who are directly responsible for the use of this apparatus, 
and that means school boards and public boards of all kinds. Just 
as soon as they realize and appreciate the value of this, and make it 
a part of their business to see that the apparatus is properly used, 
instead of misused, we shall not have so many of these plants stand- 
ing idle. 

The President: It has been mentioned here by Dr. Freuden- 
thal, and it was also brought up by Mr. Brown in an incidental 
way, that the thing we must bear in mind is, that probably 95 per 
cent of all of the ailments of the human being really come from 
his home surroundings, rather than from gatherings in large public 
buildings, etc., and yet our sole effort, as a Society, is almost entirely 
concentrated on public buildings. 

If you stop to think of it, over 75 per cent of the homes in this 
country are heated by furnaces, and this idea of providing the neces- 
sary equipment for taking care of the health of the inhabitants of 
this country in their home life is a thing which is almost ignored. 
( )ne of the things I am hoi)eful of seeing taken up in the early 
work in the establishment of the Research Bureau is this very thing 
One of the things which shoulcl be taken up in a broad way is 
the very thing which has been mentioned here, the matter of pub- 
licity, to show the manufacturers of the country that there is a 
grand opening for them to produce something that is going to give 
the conditions that should prevail in the home as well as those ideals 
we are reaching for in the schools. So long as we perform a func- 
tion that has for its object a great public benefit, a great future lies 
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before as, bat so long as we ignore it we have not that same oppor- 
tunity, 

I want to again thank Dr. Freudenthal for appearing here to- 
night. It affords the members of our Society the greatest satisfac- 
tion to find a physician who is thinking along the same lines as we 
are. I am sorry to say that as near as I have been able to gather 
from the addresses of doctors that I have listened to in one place 
and another, most of the medical fraternity seem to be in opposition 
to us. They have a tendency to destroy and nullify our efforts 
rather than to help us build them up, an«l we must show construc- 
tive work in order to bring them to us. They will oxne our way 
as soon as they see what we are trying to do. In my opinion, in a 
great many ways, in regard to the heating and ventilation of public 
buildings, we are far in advance of the medical fraternity, inasmuch 
as they have not attempted to discover what are the physical condi- 
tions necessary to the human race which offer that degree of com- 
fort and health that we as engineers are stri\nng to produce and 
make the afifmratus for. I think we have today, for large public 
buildings, at least, facilities for producing almost any condition that 
the himian race requires, but we do not know what the htmian race 
requires in its home surroundings — ^we are not physicians, and in 
our work for the homes we are somewhat deficient. 
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THE ARGUMENT CONCERNING MECHANICAL 
AND NATURAL VENTILATION 

By Dr. E. Vernon Hill. Chicago. III. 
Member 

MANY persons — social workers, physicians, and I am sorry to 
say public officials — enjoy declaiming about ventilation, the 
open window, God's fresh air, etc., laying undue emphasis 
upon the methods employed to ventilate a room with little or no 
thought as to the actual conditions maintained therein. They 
usually proclaim the virtue of natural methods as against the arti- 
ficial or mechanical. 

We must admit, however, that these misinformed mischief-making 
enthusiasts for fresh air are not the only ones at fault. Strong 
partisanship is also exhibited on the other side of the fence. Heat- 
ing and ventilating contractors, and to a less extent manufacturers 
of equipment, are not slow to defend mechanical ventilation. Their 
defense unfortunately is not always confined to the well designed 
and efficiently operated equipment but includes everything that goes 
by the name of a mechanical equipment. Many of them would, 
advocate permanently closing the numerous windows of the cathe- 
dral of St. Peter in Rome and installing some ducts, a fan and a 
stack of vento, confident that in this manner they would improve 
air conditions in. this historic edifice. This is all entirely wrong. 
It is not only unscientific but tends to block progress in one of the 
most important fields of preventive medicine. 
There is no quarrel between natural and mechanical ventilation 
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supply for the city of Chicago. There was a time when a man could 
go out into his back yard and a dig a well and get a pure and abun- 
dant supply of clean water for his household use. That time has 
long since passed in large cities and we must now have recourse to 
a mechanical water supply. In some cases we must go further than 
this. We must filter it, chlorinate it or otherwise treat it to make 
it pure and wholesome, and anyone who is so ill-advised as to con- 
demn the latter method and to recommend going back to the old 
well in the yard would be the laughing stock of the community. 

The situation is parallel with that of our ventilation problem. 
, There are many places and conditions, in rural districts particularly, 
where natural ventilation meets all the requirements and where it 
is folly to install fans or other mechanical devices. There are some 
rooms, even class rooms, where the space per occupant is ample; 
where the window area is adequate ; where the outside air is uncon- 
taminated and where noise on the outside of the building is not 
excessive, that window ventilation is entirely satisfactory. There 
are many other locations, however, at the present time, and the con- 
ditions producing them are unfortunately increasing, where natural 
ventilation is entirely out of the question and where we must there- 
fore, have recourse to mechanical methods, not from choice but from 
necessity. 

Saxon Snell, the well known English authority, in speaking of the 
ventilation of churches hits the nail squarely on the head when he 
says: 

**I do not say that mechanical ventilation is not necessary and 
desirable in many instances, but I do say that no church should be 
constructed that requires it." 

This is true not only of churches but of a considerable number 
of other buildings. Factories, where the process carried on does 
not contaminate the air, where the space per occupant is 1,000 cu. ft. 
or more, and where the windows are situated on four sides of the 
room, which is undivided by partitions, do not require mechanical 
ventilation. This has been amply proven by the tests conducted by 
the Chicago Commission on Ventilation in the Paris Garter Factory 
and other similar buildings in this city. Offices with somewhat less 
space per occupant and practically the same ratio of window area 
do not require mechanical ventilation. In many buildings of this 
type, however, the space per occupant is insufficient or the necessary 
window area cannot be obtained. Again, the space may be divided 
by partitions that prevent air circulation. In this case, as in many 
others which we will not discuss at the present time, adequate ven- 
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tilation by means of windows becomes impossible and we must 
adopt mechanical means. 

Let us have done> therefore, with this foolish <ind unprofitable 
argument respecting the comparative values of mechanical vs. nat- 
ural ventilation. Let us understand that each has its clear and ^ 
well defined field and that our problem i^ not to determine their 
relative value but rather to determine what air conditions are desir- 
able in a given space with a given type of occupancy, occupation, 
etc., and then to decide from experience and from tests in similar 
buildings whether these conditions can be maintained without 
mechanical ventilation. If they can, let us by all means make use 
of natural methods; if they cannot, let us adopt whatever mechan- 
ical adjuncts are necessary to obtain these desired results. 

There is no mystery in the science of ventilation at the present ^ 
time. The brilliant work of modern investigators has placed the 
subject on a logical, scientific basis, leaving little room for the time- 
worn prejudice or personal opinion. The factors that influence 
or control air conditions are fairly well understood. They are the 
temperature, humidity and air motion; the dust, bacteria and CO^ 
content, and the degree of objectionable odors present. Air distri- 
bution also, although not strictly speaking a factor, should be given 
due consideration when we are dealing with air conditions in a 
confined, occupied space. 

It is possible to design a record card on which each of these 
factors is given its proper weight and importance as a part of the 
whole and to plot test results on this card from actual observations 
made in a given room. From this record, we can now determine 
the percentage of perfect ventilation as shown by our test, and what 
is of equal importance, we can see in what respect it is deficient. I 
will say, by way of explanation, that with a complete, intelligently 
designed mechanical system we expect to obtain a percentage of 
not less than 95 in a class room in winter weather with the windows 
closed. Equipped with this device, this ventilation "measuring stick'* 
as it were, the investigator can compare results of different tests on 
a cold mathematical basis, necessarily excluding private opinion and 
prejudice. 

Many hundreds of tests of this kind in school class rooms ven- 
tilated by windows and by mechanical systems, in theatres, factories, 
offices, workshops and other public, semi-public and private build- 
ings have been made by the Ventilation Division of the Chicago 
Health Department since its organization in June, 1912. From the 
observations and experiences thus gained, and from an analysis of 
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our records, certain conclusions are unavoidable. The following 
may be of interest : 

First, Natural ventilation by means of windows is satisfactory in 
offices, light manufacturing industries, etc., where the work done 
or the process carried on does not materially contaminate the air, 
provided : 

(a) A minimum of 900 to 1,000 cu. ft. of space per occupant 
is available. 

(b) Windows are provided on four sides of the space, having 
an area of from 10 to 12 per cent of the floor area. 

(c) Humidifying devices are installed that will maintain a wet 
bulb temperature of not less than 57 deg. 

(d) Thorough cleanliness with respect to the floors, furniture 
and general equipment is maintained. 

Second, Natural ventilation by means of windows is possible in 
school class rooms, provided : 

(a) The space per occupant is not less than 800 cu. ft. 

(b) The window area is not less than 12 per cent of the 
floor area, with windows on at least two opposite sides of 
the room. 

(c) Artificial humidifying devices capable of maintaining a wet 
bulb of 67 deg. in cold weather are provided, with air 
circulating fans to equally distribute the moisture and main- 
tain a satisfactory air movement throughout the room. 

(d) Oiled floors and scrupulous cleanliness are maintained. 

Third, Patent window ventilators, cloth screens and other similar 
devices for the ventilation of class rooms should be unqualifiedly 
condemned. They give consideration only to one of seven factors 
that control air conditions in a room, namely, the introduction of 
outside air. To obtain an adequate air supply is the simplest part 
of the ventilation problem. To obtain the correct wet bulb tempera- 
ture ; to get proper distribution of the air ; to maintain it practicallv 
free from dust and bacteria and objectionable odors, are the real 
difficulties in the ventilation of a class room. These are ignored 
by those recommending patent ventilators and cloth screens. The 
latter method obstructs the light and allows dust and bacteria lo 
enter in considerable amounts ; it has practically no redeeming fea- 
ture. The children can be made just as miserable by shutting oflf the 
heat, with a marked saving in fuel, an important consideration at 
the present time. 

Fourth, Any mechanical ventilating equipment, if properly so- 
called, must consist of the following : 
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(a) Devices for introducing and distributing a variable amount 
of air according to varying conditions from 15 to 20 to 
perhaps 50 cu. ft. per pupil per minute. Distribution from 
one supply register in a room is a practical impossibility. 

(b) The air should be controlled within a variation of less 
than 2 deg. from a wet bulb of 57 deg. Ordinary thermo- 
static control by a dry bulb thermometer is wrong, as the 
dry bulb temperature does not determine comfort. 

(c) The air supply must be free from dust, bacteria or other 
impurities. Thismeans that an efficient air cleansing device 
must form a part of every ventilating equipment, no matter 
where the building is located. 

(d) The entire mechanical equipment must be so constructed 
that every part of it from the building intake to the outlet 
registers in the room is readily accessible for thorough 
cleaning and repair. (It is safe to say that less than 5 per 
cent of the mechanical equipments installed in school build- 
ings throughout the United States meet these requirements, 
and it is no wonder that teachers and others who are 
interested in this problem are not slow to criticize. A fan 
and heater, with a system of ducts, is not a ventilating 
equipment, and should not be so designated — ^it is simply 
a device for blowing air into a room. With such a device 
the results obtained from its use are no better than bad 
ventilation by windows; frequently they are not as good.) 

It is perfectly clear that the solution of our school ventilation 
problem does not lie in the return of the antiquated and inefficient 
so-called natural methods. To get the air space required for win- 
dow ventilation would mean practically doubling the number of 
schools in the country. This is clearly out of the question and 
even if this were done, it would be a difficult problem to obtain 
proper window area on opposite sides of the room. Neither is this 
question to be solved by the installation of the type of equipment 
just mentioned, which is usually designed by draftsmen, or sales- 
men; installed by tinsmiths, and operated by a janitor. It lies 
rather in a better realization of what constitutes satisfactory air 
conditions and the insistence by those who are responsible for the 
installation of the same that the equipment is properly designed 
and installed and tested and that it will, when completed, maintain 
the desirable standard. 

The tests in the New York schools reported by Dr. Josephine 
Baker may result in good or in harm, depending upon how care- 
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fully they are interpreted. Assuming that the results obtained are 
trustworthy, and we have no reason to think otherwise, the tests 
indicate that air conditions, from the standpoint of health at least, 
are better in the window ventilated rooms than in those rooms ven- 
tilated by mechanical methods, and the results should awaken public 
school othcials to their laxity and carelessness in the installation, 
and possibly in the operation, of these mechanical equipments. To 
conclude from the report that natural ventilation is to be preferred 
to mechanical would be a grave mistake and result in much harm. 
The entire matter emphasizes strongly the utter futility of making 
comparative tests of this kind. What we should do is to test the 
conditions in the rooms directly and to make comparisons, if desir- 
able, of these tests. 

In conclusion, allow me to say that the common beliefs in so- 
called natural methods of this or that are ofttimes unwarranted. 
Natural methods are not the best. Nature is notoriously careless 
and inefficient. She creates with wasteful prodigality hundreds, yes 
thousands, of the lower forms of life that a few may live and 
fulfill their destiny. She ushers man on to the stage of life with 
a useless and troublesome vermiform appendix and many other 
vestigial remains of pre-historic ancestors to burden and clutter 
his anatomy. His natural skin covering is tender and soft, offering 
a woefully, inadequate protection to the elements. But he is 
endowed with a brain, a truly wonderful organ, which he is ex- 
pected to use for correcting and improving his condition. Each 
and every milestone that marks his road and measures his progress 
is an accomplishment or an invention in something artificial, some- 
thing that makes him less dependent on nature and her various 
moods. Civilization is artificial today almost in its entirety. Our 
clothing, our food and water supply, the houses we live in arc 
artificial developments, and we must of necessity maintain and pro- 
mote our artificial life with artificial methods and devices. The cry 
of "Back to Nature" is the cry of the reactionary; of the man who 
acknowledges defeat. 
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DISCUSSION 

Frank K. Chew: I want to make a comparisoii between open 
window ventilation and mechanical ventilation. Suppose a building 
has a southern exposure, a western exposure and a northern expos- 
ure? I do not want to stay in that building when windows are 
opened to ventilate, because the wind is sometimes from the north, 
sometimes from the west, and sometimes from the south. If win- 
dows are opened in the schoolroom, people will keep their children 
home, if the windows are facing the west. 

It comes to this question again — Mr. West says the janitor does 
not run the apparatus. In the same way, many people go to phy- 
sicians, and receive prescriptions, and then go away and do as they 
please, and many of them do not have the prescriptions filled. I 
do not know whether or not they blame the doctors if their health 
does not improve. It is the same thing with the school people 
when the fans are not run. 

As to the mechanical plants . in the schools here in New York 
City, I have a very firm conviction in my mind that the teachers 
do not know any more about positive systems of mechanical ventila- 
tion than they do about ventilating by windows, when the thermom- 
eter is low, as it was last winter here in New York, when it regis- 
tered down to zero for several days at a time, and the wind was 
pretty strong. I would keep my youngster home from school if the 
school depended on window ventilation on such days. I do not 
believe there is any benefit in window ventilation for little folks 
in such weather. 

Last summer in Milwaukee Dr. Hill talked before the National 
Warm Air Heating and Ventilating Association, about warm air 
heating and ventilation, and said that in some of the best ventilated 
buildings in the City of Chicago the air was better than in some 
places outdoors. I can understand why that would be. The dust 
and particles of matter which accumulate in the air, would be 
removed from the heated air, as it came into the building from the 
air washer, and the air would be cleaner and purer than outdoors. 
I think the question really is a comparison between open window 
ventilation, and the right kind of mechanical ventilation system in 
actual use, and properly run. I cannot see why there is any reason 
for the Board of Education to be haled up before the Board of 
Health in New York City, to show whether one system or the other 
should be nm. 

With all due respect to Dr. Freudenthal, we sat here in this room 
and heard a number of doctors a few years ago who came here and 
talked just the same as the doctor who made the report to the Board 
of Education. They made some statements which were wholly pre- 
posterous. One fellow said that in a hospital, when the fan is in 
motion, the air was delivered at a temperature of 550 deg., which 
was entirely too hot for any patient. 

S. J. Brown: I was called to a school recently that has been 
built and been in operation for five years. The incoming superin- 
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tendent of schools in that town said he could not ventilate that 
school. This school was ventilated by ducts, and we made an 
examination and discovered that every single duct was absolutely 
shut off at every floor by the flooring. The carpenters who had 
built the floor, ran it right straight through the ducts. That was a 
ventilating system for which the school had sj)ent a good deal of 
money, and it was absolutely useless. I have found countless cases, 
in other schools, where the ducts had not been shut off like that but 
some careless bricklayer or carpenter had allowed bricks or other 
obstructions to go down into the duct as he built it. 

If it is difficult to secure satisfactory results with ventilating 
apparatus where the heat is conducted through ducts, find out if 
the duct is clear or not, whether the heat can pass through, whether 
the passage is obstructed by bricks or other material which brick- 
layers and carpenters have carelessly allowed to fall into the ducts 
when the floor was laid. 

Frank K. Chew: Mr. Weinshank has just told me that in 
Indiana, if the janitor or principal of the school does not see the 
fan is running, where there is a fan system, he is fined. 

Several years ago Dr. Franklin at the summer meeting at Atlantic 
City advocated that a campaign of education be started by the 
Society to educate the general public on these matters, that the 
publicity question was one of the most important subjects to which 
we could give our attention. It was suggested that men's clubs and 
women's clubs would be glad to hear something of what our mem- 
bers could tell them about heating and ventilation. A lot of other 
similar organizations would be equally desirous of hearing such an 
address. We tried it out in the case of a church gathering in 
Newark, and the reception which was given to Mr. West, and the 
way the matter was absorbed and the questions asked him, was 
wonderful. The audience was eager for information, and I think 
he did get to the citizens of Newark, and I recommend that our 
people endeavor to secure the same kind of publicity from the 
Society's engineering work for public welfare. 

TnK President: If I recollect correctly, last summer we ap- 
pointed Mr. Chew and Mr. Armagnac as a Publicity Committee. 

A. S. Armagnac: The work of this Publicity Committee is a 
difficult job. At a previous meeting I spoke of the possibility of 
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When this matter of natural versus mechanical ventilation came 
up before the New York Chapter in October, your Publicity Com- 
mittee took pains to send copies of the report on the subject, which 
was short and to the point, to all of the New York daily papers, 
and also to the Newark papers. So far as I know, we got no ac- 
tion at all on the part of any of the papers. 

The President: We are carrying on some very interesting 
experiments in Detroit, that is the Board of Health and the Board 
of Education combined, and to me the remarks of Mr. Armagnac 
brought that point home very forcibly. 

I tried to get some matter into the newspapers on the mechanical 
side of the subject, that is, not on one side, but on both sides, but 
just the minute that the Board of Health took the stand that they 
felt they ought to know whether the open window ventilation or 
mechanical ventilation was the thing they should recommend, they 
asked the Board of Education to turn over a schoolhouse for the 
purpose of carrying on experiments and investigations this winter, 
and then the newspapers came out with the statement that the Board 
of Health had advocated open window ventilation and that the city 
was wasting money in putting in the fan systems. Now, the latter 
matter is news, and the other was not news. That is the reason 
we cannot get the matter into the newspapers. 

One of the interesting things in connection with this experiment 
in the schoolhouse, is that one-half of the schoolhouse is ventilated 
by open window ventilation and the other half by mechanical ven- 
tilation. The school is located in one of the finest sections of the 
city, about as far away from the factory district as any point in 
town can be, and the location favors open window ventilation in 
every way. The children are what you might call a selected class, 
not "highbrows," as you would ordinarily understand that term, 
but the children of a fine class of people, as fine as you find any- 
where, and children well dressed and living normal lives under 
healthy conditions. 

When they started this experiment two weeks ago the teachers 
were all strongly for it. I went over to the school myself, as Presi- 
dent of this Society, and I talked with nearly all of them and all of 
the teachers in the mechanically ventilated part of the building were 
anxious to go into the rooms with the open window ventilation. 
I^st week — the experiment had then been in operation two weeks 
— the teachers in the rooms where they had the open window 
ventilation were not of the same frame of mind as in the first place, 
they find the air is not as good, and find they have more trouble 
wnth the children than before, and it requires a great deal of their 
personal attention and hence distraction from the work of teaching, 
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from the windows once in a while and switch them back after recess, 
for the wind comes along and upsets the whole thing. 

One room has no cloth screens in it at all, and in that room the 
teacher says she will resign if they do not give this experiment up. 

We are taking bacteriological readings and we have a dust analysis. 
We take four or six readings an hour, have four men on the job 
all the time every day who are making physical and chemical 
analyses right along, and also employing the Curtiss system of deter- 
mination of mental qualities, and making comparisons in the rooms 
where the two systems are in operation. 

Prof. Chadsey Brown of the public schools there is opposed to 
the idea of open window ventilation. He was in the first place, and 
he is more so now, because he said that the distraction and the 
amount of attention it would take to operate a school with open 
window ventilation, in his opinion, was not to the advantage of 
education. He would rather have a mechanical system. 

Everything in connection with this test is open-minded and fair 
and above-board, and it is being done in the best possible manner, 
and if the results that are obtained this year are so conclusive that 
there is no further argument about it in a school that is ideal for 
open window ventilation, next year it is proposed to take a school 
in one of the districts over near Hastings Street, where the inhabi- 
tants are largely Russian Jews, Greeks and Syrians, a very con- 
gested district, where many of the children have their underwear 
sewed on in the fall, to be left on until the spring. By conducting 
experiments in such a schoolhouse we can probably get more pro- 
nounced comparisons than we are able to secure in this other school. 
I do not believe we can form any conclusion from the way the 
thing has worked out in the mild weather, but in February, when 
zero weather occurs, the whole thing is going to be upset. 

This is a very serious situation which confronts us, and some real 
active effort must be made to demonstrate what the real facts of the 
matter are. The various statements, which are made regarding ven- 
tilation should be analyzed most carefully. There are many elements 
entirely apart from ventilation. For instance, one of them is, that 
we do not know in what character of districts these mechanically 
ventilated schools in New York were. I inquired and found that 
they were somewhere where the children are not fed, but are nearly 
starved to death, in very badly congested districts, where the chil- 
dren were of an inferior class from the standpoint of health, and 
some of the other schools were in a different section, where the 
children have higher resistive powers, and are not affected in the 
same way. There are all sorts of elements that enter into this 
problem, where, in order to get a proper appreciation of the whole 
problem all of these elements should be taken into consideration, 
and to make a report on only a few of these elements leads to an 
unfair judgment, in my opinion, and we want to offset that condi- 
tion as far as we can. 
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AIR DUCT DESIGN 

By Leo Kraft/ Cleveland. Ohio 
NoQ- Member 

ALTHOUGH the basic principles underlying it have been well 
established for a number of years, the study, from a scien- 
tific standpoint, of the flow of air in ducts is of quite recent 
origin and this, together with the fact that the hydraulic formulae 
governing it are rather complicated, has probably kept many engi- 
neers from studying it carefully ; and has led them to adopt approxi- 
mate methods for duct design based on "rule-of-thiunb" methods 
which in common with most such methods, except in the hands of 
the experienced designer, are liable to give incorrect results. 

It is believed that the following method of designing ducts is as 
short, if not shorter than most empirical methods which can be 
considered anything more than mere guesses; and it will be found 
to follow the theory so closely that it can be applied to practically 
any duct problem without yielding absurd or incorrect results. 
Furthermore, the arbitrary assumptions which are necessary are 
all made at the start, and these assumptions are of such a nature 
that they affect the operation of the system as a whole and not the 
individual parts of the system: 

The work required to design a duct system so as to be strictly 
correct from a purely theoretical standpoint, would hardly be war- 
ranted in practical work. In the first place the calculations would 
be so laborious as to be prohibitive and in the second place the cost 
of the sheet iron work, or cost of installation, would be very high 
if the actual system were required to follow too closely the theo- 
retically correct design. To carry out the design correctly from a 
theoretical standpoint, one should deal with the dynamic pressure as 
well as the static pressure, and these formulae are not, easily han- 
dled. Several years' experience has shown that ducts designed after 
the following methods in, which only the static pressure is consid- 
ered, are entirely satisfactory in every respect ; and in view of 
allowances which must involuntarily be made for deviations from 
any design, it would seem that any greater elaboration in design 
is not warranted. The writer has had instances where volume 
dampers could not be used and the division of the air among the 

1 1900 Euclid Ave., Cleveland, Ohio. 

Paper presented at the Annual Meeting of The American Society of Heating and 
Ventilating Engineers, New York, January, 1919. 
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(lifFercnt outlets in such systems has been remarkably close to the 
calculations. Wherever possible, volume dampers should be em- 
ployed, hut this need not he considered as an excuse for using a 
carelessly designed duct system. A properly designed system, in 
which all the dampers are practically wide open, is much to be 
preferred to one i)Oorly designed where the dampers play the most 
important part in distributing the air. 

GENERAL FORMULAE 

The study of hydrauHcs shows us that the flow of fluids through 
pipes or ducts running full may be expressed by the general for- 
mula: 



=c,^i5 



I VD 
L 



Where P = pounds of fluid per minute, 
d =: diameter of duct in inches, 
IV =: weight in pounds of 1 cubic foot of fluid, 
/) = drop in pounds per square inch, 
L = distance in feet, 
C\ = a coefficient. 

This is the general formula and is suitable for water pipes, steam 
pipes, etc., but in order to make it more readily applicable to duct 
design, it may be put into the following fonn by simple algebraic 
substitution of different quantities for those used: 



Q = 0.(JI)5 C\ J -^'^ 



Where Q =z cubic feet of air per minute, 
d =: diameter of duct in inches, 
It = friction drop in inches of water, 
L = length of duct in feet. 

In determining this formula, air at 70 deg. under a barometric 
pressure of 21). 921 in. of mercury, has been used, the weight of 
one cubic foot being 0.0T495 lb. 

li A is the area in square feet of a duct whose diameter is d 
inches, the formula may also be written: 

Q = 468.72 C. ( ^^-^) 
It will be seen that the practical value of this formula deoends 
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expressed with sufficient accuracy for duct calculations by the 
equation : 

C, = 31.4 d «-^»'' 

This value of C^ will correspond quite well with Kutter's values 
for a value of » = 0.012 or 0.013, which is the value recommended 
for iron pipes moderately smooth and clean, such as are ordinarily 
encountered in duct work. For smooth concrete or tile pipe ducts 
this same value of Cj may be used, but for rough ducts of brick 
or the like, the value of C^ should be not more than 7 5 per cent 
of the value given above, and in some cases it should even be less 
than this, depending very largely on the roughness at the joints. 

APPLICATION OF FORMULAE TO DESIGN 

At first glance these formulae may appear very complicated and 
too cumbersome for practical use. This might be the case were it 
necessary to actually solve the equation for each duct, but by the 
use of diagrams these formulae may be used with practically no 
calculations, other than of arithmetic of the simplest sort. Let 
us consider an actual case — the information at hand is that so much 
air is to be delivered at so many locations. The first thing we 
must then do is to decide what pressure drop we may allow in our 
duct system, then knowing the drop (/«), the amount of air (Q) 
and the distance (L), it is possible to solve the equation for d or A 
which would give us the size duct required. If, for instance, we 
have a duct 100 ft. long and want to convey through it 5000 cu. ft. 
of air per minute at a drop of }i in., the equation would show 
that the duct required would have to be about 25 in. in diameter, 
or a duct having a sectional area of 3.43 sq. ft. In this duct the 
velocity would be 5000 divided by 3.43, or 1460 ft. per min. If 
the distance which this air was to be carried had been 200 ft. 
instead of 100 and a total drop of J/^ in. had been required, by the 
formula we would have found that the duct should be about 29 
in. in diameter, having an area of 4.5 sq. ft. and giving a velocity 
of 1110 ft. per min. 

The diagrams in Figs. 1 and 2 enable. one to solve these equa- 
tions graphically entirely without calculations. Referring to dia- 
gram in Fig. 2, on scale A find the point showing the cubic feet (jf 
air per minute to be carried, in this case 5000. Now lay a straight- 
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range of air volumes and duct sizes is different, and it is used in 
the same manner. 

EQUIVALENT LENGTH OF THE DUCT 

When the distance or length of a du<;t is mentioned, it must be 
understood to mean the equivalent length, this being the length of a 
straight duct which would offer the same resistance to the passage 
of the air. Every bend occurring in. a duct increases the resistance 
and the most convenient way of considering this is to add, for each 
bend, an amount which represents the length of a* straight duct 
having the same resistance as the bend or elbow. Experimental 
data on this point are very meager, but it is customary to add 10 
diameters to the length of the duct for each standard 90 deg. elbow, 
which is an elbow having the radius of the inner edge equal to the 
width or diameter of the duct. Usually it will be sufficiently accu- 
rate in determining the amount to be added for friction in bends, 

TABLE 1. VARIATION OF RESISTANCE WITH RADIUS 



BATIOOFINNEII. 
l^ADlUSlbV/tBrrH 
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^40VHl 
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to assume a round duct 100 ft. long, and obtain the diameter from 
the diagram in Figs. 1 or 2. In the above case the diameter for a 
100 ft. duct was found to be 25 in., so for each standard 90 deg. 
elbow in this duct, we should add 10 x 25 or 250 in. — say 21 ft. 

The friction loss also varies with the angle of the bend, and on 
this subject there are almost no experimental data. Weisbach's 
formula shows that the friction loss varies directly as the angle, 
that is, a 45 deg. elbow will have one-half the resistance of a i^O 
deg. elbow having the same radius. The writer questions this 
formula, particularly when applied to air ducts, but if this formuh 
is incorrect, it probably errs on the safe side so that it will be satis- 
factory to use it in our calculations. As a rule, bends of much 
more than 90 deg. are quite rare but the above rule may be applied 
to them. Bends of much less than 30 deg. as a rule may be neglected 
unless there are a number of them, so that they would total to an 
appreciable amount, in which case the above rule may be applied 
to them. A handy rule is to neglect any bend under 30 deg., con- 
sider anything from 30 deg. to GO deg. as a 45 deg. bend, and any- 
thing from GO deg. to 90 deg. as a 90 deg. bend. This rule will be 
found to be sufficiently accurate for the majority of cases and in the 
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absence of exact experimental data is probably as good and as simple 
as any yet devised. 

The radius of the bend also affects the frictional resistance, and 
on this point there are very few experimental data other than the 
tests of Frank L. Biisey. The rule given by N. S. Thomson is very 
handy and corresponds with the best information at hand. This 
rule, when reduced to terms of a standard 90 deg. elbow, is as 
shown in Table 1. This table shows one thing which is not gen- 
erally realized by engineers and that is that nothing is to be gained 
by using elbows in which the ratio of the inside radius to the diam- 

TABLE 2. COMBINING NUMBERS FOR DUCTS 
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eter or width is more than 2 ; consequently the extra cost of these 
extremely long radius bends is not justified. 

Let us assume that in the hypothetical duct mentioned above, 
there is ^ 46 deg. elbow whose inside radius is one-half the width 
of the duct. Now the amount to be added for a standard 90 deg. 
bend was found to be 21 feet, so the amount to be added for a 
standard 45 deg. bend would have been one-half of 21 or 10j4 ft. 
and the amount to be added for the 45 deg. bend with the shorter 
radius would have been (from Fig. 3) lOJ^ times 3, or say 32 ft. 

Changes in the sectional shape of a duct also affect the drop in 
pressure, but if these transition pieces are properly made so that 
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FIG. 3. TYPICAL SYSTEM OF DISTRIBUTING DUCTS 



the angle made by the sides with the duct is not more than about 
30 deg., they may be considered as straight ducts, and no addition 
in length need be allowed for increased friction loss in them. 

COMBINING BRANCH DUCTS INTO MAINS 

When two or more smaller ducts are to be combined into one 
large duct, it is not correct to add the areas, as it will be seen from 
the formula given above, that the carrying capacity, for a required 
friction drop, does not vary directly as the area. A very con- 
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having an area of 5.45 sq. ft. instead of 10 sq. ft. as would be 
obtained by adding the areas. Values in the table may be inter- 
polated to find intermediate duct areas or combining numbers, and 
the table has been arranged to permit this being done readily, and 
with as much, or as little accuracy, as is desired. 

When using circular ducts, it is not possible to adhere so closely 
to the theoretical size without using fractional inches in the diam- 
eter which is not usually done, so an additional combining table 
has been prepared (Table 3) which will permit circular ducts to be 
designed without interpolation. The values in these two combining 
tables (Tables 2 and 3) are interchangeable, and we may read 

TABLE 3. COMBINING NUMBERS FOR CIRCULAR DUCTS 



from rectangular ducts in one table to circular ducts in the other 
table, or vice-versa without error. When, as is usually the case, 
the required number comes between that given for two circular 
sizes, it must rest with the judgment of the designer whether he 
uses the next larger size or the next smaller size. 

DUCT DESIGN BY "DETAIL METHOD" 

Having now outlined the basic principles underlying the design 
of any duct system, we will consider their application to practical 
work by carrying through the calculations of an actual design. Let 
us consider the duct system shown in- Fig. 3. It is required to 
deliver 1000 cu. ft. of air per minute from each of the twelve 
outlets, A to F inclusive, and the required friction drop from the 
fan to each outlet is to be assumed at % in. This design will be 
worked out in considerable detail and later on there will be shown 
shorter methods which may be used and which, in fact, are applica- 
ble to practically all of the actual designs encountered. 

The first thing to be done is to determine the equivalent length 
of duct from the fan to each outlet, imagining that a separate duct 
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runs from each outlet to the fan. Considering outlet A, the actual 
distance from the fan to outlet A measured along the duct is 400 
ft. This distance must be increased for the following bends : 

1 — 45 deg. elbow at outlet, 
1 — 90 deg. elbow in duct b, 

1 -^ 90 deg. elbow where duct b branches from duct h, 

2 — 90 deg. elbows in duct h. 

When increasing the distance for bends, the amount added should 
be for a bend in a duct carrying the entire amount of air; thus 
when considering outlet A, for the bends in duct h we must add 
for two 90 deg. elbows in a duct carrying 12000 cu. ft. of air and 
for the bends in duct b, we must add for bends in a duct carrying 
4000 cu. ft. of air and so on. 

The amounts to be added then to find the distance for outlet 
A are : 

1 — 45 deg. elbow in duct carrying 1000 c.f.m. — 12x10=120 in. — 

say 10 ft. X >^ = 5 ft. 
1 — 90 deg. elbow in duct carrying 4000 c.f.m.— 20x10=200 in.— 

say 17 ft. 

1 — 90 deg. elbow in duct carrying 4000 c.f.m.— 20x10=200 in.— 

say 17 ft. 

2 — 90 deg. elbows in duct carrying 12000 c.f.m.— 31x10=310 in.— 

say 26 ft. x 2 = 52 ft. 
Total to be added for bends = 91 ft. 

Then 400 + 91 = 491 ft., the equivalent distance from fan to 
outlet A. From the diagram in Fig. 1, we find that to carry 1000 
cu. ft. of air per min., 491 ft. with a drop of 54 '"• requires a duct 
having a sectional area of 1.49 sq. ft., that is, a duct approximately 
17 in. in diameter, and the velocity in such a duct would be 1000 
divided by 1.49 = 670 ft.. per min. 

If each duct ran separately to the fan as assumed, our design 
would be correct, but when these imaginary ducts must be com- 
bined into mains or trunk ducts, we deviate slightly from the theo- 
retical correctness of our method. To find duct a we must combine 
the two imaginary ducts to outlets A by means of Table 2. The 
combining number corresponding to 1.49 sq. ft. is, by interpolation: 

N = Nt + (A — At) X ^'} = 98.61 + (1.49 — 1.00) X 144 
= 169.17, say 169 

Then 169 -f- 169 = 338, the combining number for duct a, which 
by interpolation corresponds to: 

A = At + (N — Nt) X ^^Y — ^-^^^ + ^^^^ ~ ^^^^ X 0.0056 
= 2.48 sq. ft. 

which is the size required for duct a, and the velocity in this duct 
would be 2000 divided by 2.48 or 806 ft. per minute. 

In the same manner the duct from each outlet to the fan may be 
found and then these imaginary ducts combined by adding the corn- 
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bining numbers and determining the size of the main ducts from 
Table 2. Table 4 shows these results and also shows a convenient 
tabulation for these calculations for ready checking. 

The design of the foregoing duct system has been carried out in 
considerable detail to make plain the method used, but usually it is 
not necessary to go into so much detail in the design and the work 
may be shortened greatly. However, the method just described may 
be applied to any duct sj^stem, regardless of length or bends, the 
one fundamental idea bemg to assume the friction drop to be the 
same from the fan or plenum chamber to each outlet so that the 
air will separate properly among the different outlets with the 
minimum use of volume dampers. 



TABLE 4. APPLICATION OF DETAIL METHOD TO SYSTEM SHOWN IN FIG. 3 
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DUCT DESIGN BY PERCENTAGE METHOD 



Referring now to the values in Table 4 it will be seen that the 
greatest distance from the fan to any outlet was 491 ft. and the 
shortest distance was 307 ft. the duct sizes being 1.49 and 1.24 
sq. ft. respectively, or a difference of 0.25 sq. ft. In some cases 
such a difference as this might be neglected and it would be satis- 
factory to assume the same distance from the fan to every outlet. 
Some judgment is necessary here to determine w^hen this assump- 
tion is wrong but always when there is any doubt the detail method 
described above may be applied and the actual difference deter- 
mined. The writer has found it a good plan, when designing a 
large duct system, to determine the correct distance and size by 
the method given above, for the last outlet on any branch, using 
this distance for all the outlets on that branch. If the duct system 
is of the type having a number of ducts running to different parts 
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of the building, we may determine the distance and size for one 
duct in each locality and then use this distance for all ducts nearby. 
In the duct system shown in Fig. 3 let us assume that the distance 
from the fan to every outlet is 491 ft. We could then go ahead 
with the calculations as outlined above, simply making this change, 
but the following method, which we will call the percentage method, 
is considerably shorter and accomplishes the same result. 

Outlet A handles 1000 cu. ft. of air per min. and the total air 
handled by the fan is 12,000 cu. ft. per min., so the amotmt in outlet 
A is 1/12 or 8.33 per cent of the total. The combining number for 
outlet A is 169 as found before, so 169 divided by 0.0833 = 2030 
would be the combining number for the duct carrying the total 
amount of air, that is, duct h. This corresponds to a duct having 
9.24 sq. ft. area and the velocity would be 1300 instead of 1400 as 
found by the detail method, a difference which is an error on the 
safe side. It would be possible to reduce this difference if the 
average distance had been used instead of the greatest distance, but 
the writer prefers to use the greatest distance when designing by this 
method, because it will always give ducts slightly oversize, while 
if the average distance had been used, some ducts would have been 
oversize and some imdersize. 

Having found the main duct, all others may be found from it. 
Take for instance duct d. Duct d carries 4000 cu. ft. per min., 
or 4000 divided by 12,000 = 33 1/3 per cent of total. The combin- 
ing number for duct d then must be 33 1/3 per cent of the combin- 
ing number for the main duct, that is, 2030 times 0.33 1/3 = 676, 
corresponding to a duct having a sectional area of 4.11 sq. ft. with 
a velocity of 974 instead of 1110. Table 6 shows the duct and 
outlet sizes as found by the detail method and by the above per- 
centage method. 

This percentage method of designing ducts may be shortened by 
the use of diagrams which graphically make the calculations given 
above, these diagrams being given in Figs. 4, 5 and 6. They are 
constructed so that a straight line drawn from any point on scale A 
through a point on the percentage scale B will cut scale C at a point 
showing the size of the branch duct required. Obviously these 
diagrams may be used in the reverse direction to find the main duct. 
In the case just given, outlet A is 1.49 sq. ft. and carries 8.33 per 
cent of total air. In Fig. 6 on scale C showing branch duct, place 
a straight-edge cutting scale C at 1.49 and scale B at 8.33 per cent 
and it will cut scale A at 9.24 sq. ft. which is the size of main 
duct, that is, duct h. With this as a basis, each of the other ducts 
may be found. Take duct d for instance, this duct carries 33 1/3 
per cent of the air in duct A. Now place a straight-edge cutting scale 
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DUCT DESIGN BY **COMBINED METHOD" 

In the method just given, we assumed the distance from the fan 
to every outlet as the same. This method is satisfactory for small 
systems, and even the system shown would operate satisfactorily 
although some of the ducts would be considerably oversize, making 
dependence on volume dampers more important and also increasing 
the cost of installation. If, instead of considering this duct system 
as a whole, we had designed each of the three branches separately 
we would get results approaching much nearer those obtained 
by the detail method. For instance, let us consider the branch duct 
containing the outlets A and B, considering this branch as a complete 
duct system and assuming that the distance from the fan to all out- 
lets on it is the same as for outlet A, that is, 491 ft., the area being 
as found before (1.49 sq. ft.) and the combining number 169. This 
outlet carries 1000 cu. ft. of air per min., or 25 per cent of the total 
air in this branch, so the combining number for duct b is 169 
divided by 0.25 = 676, .corresponding to a duct having an area of 
4.11 sq. ft., giving a velocity of 974 instead of 1000 as found by 
the detail method. This duct size could also have been obtained 
from the diagram in Fig. 6 without calculations as explained before. 
Having found duct b, duct a may be found by using the combining 
numbers or from the diagram in Fig. 5 by determining a duct to 
carry 50 per cent of the air carried by duct b, and will be found to be 
a duct having a sectional area of 2.48 sq. ft. In like manner, ducts 
d and / may be found, considering the distance from the fan to all 
outlets to be the same as for the last outlet on each branch. After 
ducts d and / are found, as outlined above, they must be combined by 
means of Table 2 to find duct g and then ducts b and g must likewise 
be combined to find duct h. The duct sizes and velocities as found 
by this method, which we will call the combined method, are shown 
in the last two columns of Table 4 and it will be seen how very closely 
they correspond to the values found by the detail method. 

This combined method is the one which is applicable to the ma- 
jority of cases, and several years' use has shown it to give very sat- 
isfactory results. The saving in time is not so pronounced in the 
instance cited in Fig. 3 because there are so few outlets on each 
duct, but in a large system with a number of outlets on each branch, 
the time saved is considerable. 

In the above cases, the velocity has also been determined, and 
while this velocity plays no actual part in the calculations it is well 
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found possible to read off the duct sizes almost as fast as the figures 
can be put down. Note that the diagrams in Figs. 1, 2, 4, 5 and 6 
may either be read in area of rectangular ducts or in diameter of 
round ducts. This saves figuring them one way and then changing. 
One may also read from a round duct on one scale to a rectangular 
duct on another scale on the same diagram. 

ASSUMED FRICTION DROP 

The design of ducts as described above is dependent entirely upon 
an assumed friction drop, the selection of which value must rest 
largely with the designer. This, however, is the only assumption 



TABLE 5. APPLICATION OF COMBINED METHOD TO SYSTEM SHOWN IN 

FIG. 3 



made throughout the calculations, so that a difference cannot affect 
the working of the various parts of the system, but only the 
pressure under which the system as a whole operates. The proper 
operating pressure to be used is largely a result of practical experi- 
ence, but there are several conditions which may serve as guides in 
determining it. 

In a plenum chamber system with heating and tempering coils 
and an air washer, usually about ys in. will be found the best 
pressure to use in designing the ducts and the fan will then operate 
at from 1 in. to^ 1^ in., depending on many local conditions. In 
a system without a plenum chamber, but where the discharge ducts 
connect directly to fan or heating coil enclosure, and where an air 
washer is used, 3/16 in- or J4 in. may be used. In the same type 
system, without an air washer, such as is common in many shops, 
J4 in- or 5/16 in. may be used. In a system where there are no 
heating coils, such as the usual exhaust system, a pressure of }i in. 
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may often be used, and sometimes a higher pressure. If smooth 
concrete or tile pipe ducts are used, the friction drop to be assumed 
may be the same as that for sheet iron ducts, but for rough ducts of 
brick or the like, it shoukl not be greater than from 50 to 60 per cent 
of the value for sheet iron ducts for the same actual friction drop. 

As the pressure to be used is largely a result of determining the 
most economical operating condition, a higher pressure is often per- 
missible where a steam engine is used to drive the fan, and the ex- 
haust steam is used in the coils. In some classes of work such as 
schools, theatres, office buildings and the like, the question of noise 
is very important, and the pressure used must give a velocity which 
is low enough to cause no objectionable noise. In shops, usually 
this limitation does not exist and so a higher velocity is very often 
permissible. 

The whole question of the pressure to be used is one which is so 
largely affected by local conditions that no definite rule can be given 
and the designer's experience must tell him what is best. If the 
designer has been using velocity methods of design, and has in mind 
limiting velocities, then these will be excellent guides in determining 
the proper pressure drop. However, it must be remembered that 
at only one place in the system can we set an arbitrary velocity ; at 
all other places the design must be calculated by one of the methods 
described above. We could, for instance, set the velocity in the 
main duct at 1500 ft. per min., from which we could immediately 
find the size of main duct required without reference to friction drop, 
but after this one duct is determined, all branches must be calcu- 
lated and we must not expect to assign arbitrary velocities to any of 
the other parts of the system. We can, of course, always reduce the 
velocity if that determined is too high for some particular reason, 
as this means simply a larger duct flaring from the smaller one, 
sometimes with diffusers. For instance, if we want to limit the 
velocity from any outlet in Fig. 3 to 500 ft. per min., the design 
would be exactly the same as given, but at each outlet we would 
have to put on a short flaring duct to increase the area to 2 sq. ft. and 
possibly would also have to use diflfusing vanes, depending upon the 
actual design. Obviously, we could start with a velocity of 500 in 
the outlets, making them 2 sq. ft. in area and working back by 
means of the combining numbers, letting the size of the main duct 
come what it will. 

Some designers advocate using the size of the fan outlet for the 
size of the main duct. This plan cannot be recommended as a uni- 
versal rule, since, unless the duct system is very short and direct, 
the size would be so small as to give too high a velocity and operating 
pressure. 

The one cardinal point to keep in mind is that we must only make 
one assumption, whether it be a velocity condition or a pressure drop, 
or whether it applies to the main duct or branch, and all other 
velocities or duct sizes must be calculated by one of the methods 
described above. 
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DISCUSSION 

L. A. Harding: I think this paper demands more than just pass- 
ing notice. The author has worked out a scheme which he claims 
will work, in the design of ducts and branch ducts on the basis of 
static pressure. It is not theoretically impossible to design a system 
of branch ducts in which static pressure only is used. As you all 
know, the total presstire of a duct at any point is equal to the sum 
of the friction pressure losses beyond that point, plus the final 
velocity pressure. If you neglect the final velocity pressure you will 
not arrive at anything like accurate results. 

It is a matter of simple calculation to show that ducts so propor- 
tioned will not deliver the quantities of air stated without volume 
dampers. What the author is attempting to accomplish in this 
paper is the design of a branch duct system in which we may omit 
all dampers. Now that- can be done. It is not however usually 
satisfactorily accomplished and I doubt if very many members of 
this Society ever designed a complicated system of branch ducts 
without the use of dampers. Referring to Fig. 3 the last outlet has 
a diameter of 16 in. There is 75 ft. between that point and the 
next outlet, which is outlet B, very close to the same diameter. And 
if outlet B will deliver the same quantity of air which outlet A is 
delivering a calculation will show that outlet B would have to be 
reduced to approximately 14 in. to deliver the quantity of air 
stated. 

The author states on the first page in effect that the correct 
method to use in the design of branch ducts or any duct system 
is the total pressure method ; and yet his conclusions are to the effect 
that one can design a duct system with static pressure only. A 
straight duct system can be designed by the latter method, but it 
does not appear practical for branch duct design. 

Referring to Fig. 3, outlets A and B, main a, and making use of 
the usual friction pressure loss formula and taking the loss by entry 
into a 45 deg. branch as 0.22 of the velocity pressure of the branch, 
we have for the total pressure in main a at outlets B : 

Final velocity pressure (670 ft. per min.) = 0.027 in. 
Loss by entry to outlet A, 0.022 x 0.027 = 0.006 in. 
Loss 75 ft. duct, 0.75 x 0.06 = 0.045 in. 



Total Pressure 0.078 in. 

Outlets B as designed are 16 in. in diameter. The total pressure 
required at this point to deliver 1000 cu. ft. per min. is: 

Velocity pressure (715 ft. per min.) = 0.03 in. 

Loss by entry, 0.22 x 0.03 0.007 in. 



Total Pressure 0.037 in. 

This is seen to be only one-half the total pressure as previously 
calculated. 



Digitized by 



Google 



Digitized by 



Google 



No. 50b 

ARRANGEMENT OF HEATING PIPES AN 

IMPORTANT FACTOR IN DECAY OF 

FACTORY ROOFS 

By F, J. Hoxie\ Boston, Mass. 
Non-Member 



THE rapid destruction of saw-tooth weave shed roofs by 
decay within the last few years has progressed to an alarm- 
ing extent. A considerable part of this destruction can be 
stopped by changes in the arrangement of the heating pipes, which 
will also reduce trouble from water dripping from the ceiling in 
cold weather. 

The primary cause of the decay is doubtless the use of artificially 
humidified air in buildings in which relative humidity of from 
70 to 80 per cent at a temperature of 70 deg. fahr. is maintained the 
year round, which means that 1 cu. ft. of air will contain about 6 
grains of moisture and the dew-point will be 62 deg. fahr. A drop 
in temperature of 10 deg. will cause precipitation of drops of 
water. 

Modem weaving buildings have very large roof and win-" 
dow areas exposed to the cold winter temperature, the result being 
that the part of the roof plank which is at or below the temperature 
of the dew-point of the air in the building, absorbs sufficient water 
to come within the requirements of some of the wood-rotting fungi. 
The location and extent of the heating pipes will generally be 
found to have a direct bearing on the location of the parts most 
rapidly destroyed. 

In one New Bedford weave shed, shown in Fig. 1, a heating coil 
extended half the length of a bay. The part of this roof oyer -the 
heating coil has been on 18 years and is still in service, while the 
remainder of it was entirely destroyed and replaced. The center 
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FIG. 1. EXAMPLE OF DECAY IN ROOF PLANKING OF A FACTORY 

Steam pipes half the length of this bay have prevented rotting, while in the other 
half the roof planks were entirely destroyed. 
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apparently in a good state of preservation as far as the steam pipe 
extended, fungus growths commencing directly at the end of this 
steam pipe as shown in Fig. 2, while the remainder of the roof, 
most of which was in the condition shown in Fig. 3, has been re- 
placed after 1) years service. It appears that better results can be 
obtained by locating part of the steam pipes at the back of the saw- 
tooth farthest from the windows as shown in Figs. 4 and 5. In at 
least one case where the pipes were located three on each side of 
the bay, as shown in Fig. 4, the roof is still in service at the end of 
17 years, although other parts of this same roof with all the heating 
pipes under the windows have rotted and been replaced. 

Details of construction, such as thin metal ventilators, metal roof 
drains, sky-lights and windows which radiate more heat than other 
parts of the roof and thereby keep the air in their vicinity cooler 



FIG. 3. AN EXAMPLE OF ROOF PLANKING THAT ROTTED IN NINE YEARS 

This roof was originally sheathed, but the sheathing has been removed, showing the 
fungus plants and rotted wood of the planking that were above it. 

than in other parts of the building, will accelerate the destruction, as 
shown in Figs. 6 and 7. . The cure which suggests itself is to pre- 
vent the escape of heat by increasing the insulation, by use of steam 
pipe covering for drain pipes, covers of heavy plank for ventilator 
openings, and by increasing the insulation of the roof by making 
it double, with a covering of tarred paper mopped on, between the 
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FIG. 4. VIEW OF ROOF PLANKING THAT IS IN GOOD CONDITION AFTER 17 

YEARS OF SERVICE, WHILE OTHER SAW-TOOTH ROOFS IN SAME 

BUILDING HAVE DECAYED 

Part of the steam heating pipes in this bay are at the back of the saw-tooth, while 
in those where rotting occurred, they were all in the usual position under the windows. 
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planks and condensing on the outer side. Thjs is particularly im- 
portant if absorbent felts have been used on the outside of the roof, 
for insulation, in which case the moisture will reduce the insulation 
and also encourage fungus growths. 

Sheathing on the inside of roofs with an air space has been used 
in several cases to increase the heat insulation and prevent sweating 
and is generally regarded as an efficient remedy. The empty air 
space is of little value as a heat insulator and makes an excellent 
place for the propagation of wood rotting-fungi as shown in Fig. 3. 
Moisture can pass through the sheathing and become pocketed under 



FIG. 6. EXAMPLE OF ROOF PLANKING DECAYED ABOUT THE SKYLIGHTS 

OF A FACTORY, WHERE THE TEMPERATURE WAS SOMEWHAT 

REDUCED BY RADIATION THROUGH THE GLASS 

the roof planks. This space, being colder than the room, is gen- 
erally below the dew-point. The result is that an abundant growth 
of destructive fungi occurs within this space. In one case where 
rotting had started in a comparatively new mill, holes were bored to 
the outside air and covered with a strip to keep out the weather, 
and at the same time to allow the moisture to escape and dry outer 
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tioii of air about as shown by the arrows. Moisture from the 
humidifiers will therefore i»e constantly carried up by the air current 
and deposited on the cooler windows and roof, not only rotting the 
woodwork but causing dripping. The arrangement of heating coils 
shown in Fig. 11 should reduce the air circulation by keeping the 
highest part of the roof at the highest temperature, thereby pre- 
venting the air from serving as a carrier of moisture from the 
humidifiers to the roof planks. 

Paper mills and finishing works conditions can be improved by 
more ventilation, as the problem there is to get rid of the moisture. 
Where large quantities of moisture are to be disposed of, a large 
amount of air will be required and provision should be made not 
only to remove this air but to admit and heat sufficient air to meet 



FIG. 7. EXAMPLE OF ROOF PLANKING AND BEAM DECAYED NEAR A VEN- 
TILATOR IN A SAWTOOTH. DUE TO RADIATION OF HEAT THROUGH 
THE THIN METAL COVER OF BOTTOM OF VENTILATOR 



the requirements of the exhausting system without running part of 
the air circulation system backwards, as is frequently done ; that is, 
the exhaust ventilators, instead of carrying away the moisture-laden 
air, are admitting cold air in one part of the room owing to a con- 
siderably higher temperature under the ventilators in another part, 
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FIG. 8. VIEW OF DECAY IN PLANKING FROM PAPER MILL ROOF 

These 4-in. planks of southern pine had rotted through the middle where the 
moisture was favorable for the growth of fungus. 
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FIG. 10. SECTION OF A SAW-TOOTH ROOF. SHOWING COMMON LOCATION 

OF HEATING PIPES AND THE AIR CURRENTS CAUSED BY THEM. 

WHICH DEPOSIT MOISTURE FROM THE HUMIDIFIERS ON 

THE WINDOWS AND' ROOF 



believe it may be possible to increase the economy of this ventilation 
by returning some of the latent heat of evaporation of the outgoing 
moisture to the incoming air by use of an air condenser in the 
ventilators, but I have never heard of this being done. 

Rotting in moist basements can more frequently be stopped by 
the introduction of sufficient radiated heat to keep the contained air 
above the dew-point than by ventilation, as it is generally difficult 
to control the temperature of the air used for ventilation if it is 
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taken from out-of-doors. The introduction of cold air into a warm 
moist basement will cause rotting rather than prevent it, as it will 
reduce the temperature and precipitate moisture, while the introduc- 
tion of a small amount of heat into such a basement will raise the 
temperature above the dew-point and thereby stop the rotting. 

I have found several cases where steam pipes near the ceiling of 
a basement prevented rotting when the ground underneath was cov- 
ered with water as shown in Fig. 12. The water, being colder 
than the ceiling, assisted in preventing precipitation by regulating 
the amount of moisture in the air. 



FIG. 12. EXAMPLE OF PREVENTION OF DECAY OF TIMBERS IN MOIST 
BASEMENT. BY HEATING PIPES 

Heating pipes are located on ceiling of basement, over a stream of water, and timbers 
•re still sound, while other oarts of this basement not so protected have rapidly rotted. 

DISCUSSION 

Walter S. Tim mis: I had an experience which bears out the 
statements of Mr. Hoxie. In a reinforced concrete building on 39th 
St., New York, the floors were laid on top of a concrete slab, there 
being the usual screeds placed on the top of the slab and the inter- 
mediate space being covered with a filling of concrete. On top 
of the screeds there was placed a 1J4 in. maple floor. The floors 
of that building (the McGraw Building) were all right except the 
office floor, which was covered with linoleum ; there the major 
portion of the floor suffered from dryrot, simply because the mois- 
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L. A. Harding : I wish to corroborate that same experience. We 
have taken up several floors within the last two months that were 
put in several years ago and covered with linoleum or other covering. 
This particular subject seems to be one that very few engineers 
know anything about, and is of particular importance to those of us 
who are engaged in industrial plant work. During the last two 
years fully 75 per cent of the industrial plant buildings built in this 
country have a wood roof deck. It seems to me it is up to the heat- 
ing engineer to protect those roofs as it is apparently a heating 
problem, according to Mr. Hoxie. We haven't heard any statement 
made in reference to the amount of heat required to prevent the 
growth of fungi in wood roof construction. It is something I 
think all will be interested in who have anything to do with indus- 
trial heating in the next few years. 

James H. Davis: I would like to ask Mr. Hoxie if creosote 
treatment would prevent that to any degree. 

W. S. TiMMis: I would like to ask Mr. Hoxie whether he has 
observed any difference in dry rot in mills where the blast system 
of heating has been used as against the direct radiation. 

The President: I would also like to ask Mr. Hoxie if any of 
the investigations that he has carried on indicate to any degree what 
relative humidity must have been reached to propagate fungi. 

Frederic F. Bahnson : I would like to ask Mr. Hoxie if he has 
found any effect from circulation. The place where the mill man 
wants the humidity and his heat is not in the sawtooth, but down 
where the people work. It is a question in my mind whether a thor- 
ough circulation of the air will not give just as good results as trying 
to heat up near the ceiling. The average humidifier creates an 
actual air current towards the ceiling. We all know that water vapor 
rises; otherwise we should never have any clouds. Consequently 
we get most of the heat and humidity near the ceiling. If you can 
blow that heat and humidity down wouldn't it give a better effect 
in a mill and wouldn't it have the same effect that will be found in 
the department store where they absolutely prevent any condensation 
on the windows by using an electric fan all through the winter ? It 
seems to me it would be more economical and helpful to the op- 
erators if that situation could be handled through air circulation 
rather than through excessive heating up against the roof, where it 
doesn't do any good to anybody except to create loss through the 
roof. 

W. H. Carrier : On some of the questions that have been asked 
I have had a little experience. In the drying of certain materials 
I have had occasion to determine fairly accurately the point where 
fungous growths will begin and where they will be prevented, for 
certain temperatures, i.e., temperatures between 80 and 100 deg. We 
found that fungus growths would occur somewhere in the neigh- 
borhood of between 80 and 90 per cent, certainly at 90 and possibly 
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as low as 85 per cent relative humidity ; that is, they will certainly 
occur at 90 and possibly a little lower ; while at between 80 and 85 
per cent actual hiunidity of air in contact with material they will 
not occur. That does not refer to outside walls, which we know 
are colder than our air; and there is a much higher relative hu- 
midity at that surface film. For instance, we could have 50 per 
cent relative humidity in a room and no fungus growths, with 
very little air circulation, due to the fact that it is very cold outside 
and there would be a tendency for the moisture to start practically 
even at once. I would say, too, that the lower limits from 85 per 
cent are where material contained a greater moisture than the air, 
that is, did not'correspond with the air. But I know that with the 
material dried out at that point and reheated, there will be fungous 
growths occurring in the neighborhood of 90 per cent. And where 
they occur at lower conditions it is merely due to moisture or tem- 
perature produced by temperature or heat on the surface film. 

The Author : Undoubtedly roof planks thoroughly treated with 
creosote would resist the wood destroying fungi but there would be 
several objections to the use of such material on the ceiling of a 
weaving room. Chief among these objections would be the possi- 
bility of stains from either creosote or discolored water dripping 
from the ceiling, difficulty of painting the ceiling a good reflecting 
white, and less important but still worth considering, a somewhat 
increased fire hazard. 

There would be expected but little choice between hot air and 
direct radiation with reference to fungus growth. In either case 
susceptible roof plank must be kept above the dew-point. Prob- 
ably a combination of the two systems would be found advantageous 
as by this means steam pipes could be added in cold corners where 
there is a tendency to drop below the dew-point on cold days. It 
is probable that the distribution of heat can be rather better con- 
trolled in large factories by direct radiation than by the air circulat- 
ing systems which have been in common use in which the circula- 
tion of air is not very definitely controlled. 

The only information which I have on the limits of humidity at 
which fungus plants can grow are somewhat indefinite and are the 
result of records of recording instruments maintained for a year 
or more on the ceiling of a New Bedford weaving building in 
which several of the most common roof destroyers were actively 
growing and fruiting. It is apparent that there is a difference in 
the moisture requirements, also probably in the temperature re- 
quirements of the diflFerent fungi. It is probable that more exact 
knowledge will be serviceable in reducing the destruction by rot. 
Mr. Blair of the Canadian Forest Products Laboratory and Mr. 
Humphrey of the U. S. Forest Products Laboratory are now making 
careful investigations on this subject, the results of which should 
be of great value not only in direct application to the fungus but 
the more exact knowledge gained on the life requirements of the 
fungus will facilitate studies on the action of antiseptics. 
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So far as my observations have gone there is little active growth 
of the wood destroying fungi until very close to the dew-point. I 
should say at least above 95 per cent relative humidity. 

If mechanical circulation of the air is maintained at such a 
velocity that the temperature is kept practically constant, doubtless 
the desired result will be obtained. The temperature is the im- 
portant factor. The absolute humidity in the room may be nearly 
constant but the relative humidity varies with the temperature. If 
air currents containing aqueous vapor are carried against a cold 
window or ceiling through which a large amount of heat is radiated, 
the temperature is reduced to the dew-point and precipitation results ; 
moreover, if the dew-point is located inside the roof planks precipi- 
tation will take place here causing conditions favorable to fungus 
growths. In a similar manner clouds are formed in the outer air by 
the temperature of the upper air being reduced to the dew-point. I 
think the moisture is kept off department store windows by causing 
a rapid circulation of air between the warmer back part of the win- 
dow and the glass so that all of the air in the window is kept at a 
temperature above its dew-point. In other words, the chief function 
of the fan is to circulate heated air against the cold window glass 
to supply the heat radiated and keep it above the dew-point. 
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DUST DETERMINATIONS IN AIR AND GASES 

By E. R. Knowles\ New York. N. Y. 
Non- Member 

IN my paper on Dust, its Universality, Elimination and Conser- 
vation, presented to the Society in January, 1918 (see January 
issue of Journal, page 285), attention was called to the enor- 
mous amounts and varieties of dusts, innocuous or injurious, vahi- 
able or valueless, which are either emitted into the atmosphere 
through manufacturing processes and therein disseminated and 
wasted, or are the purposed results of such manufacture to be col- 
lected and saved. 1 also called attention to the very great value of 
many such dusts, the benefits and economies arising from their 
abatement and recovery, and indicated many typical forms of ap- 
paratus by which such elimination and conservation may be more or 
less successfully accomplished. 

In order to ascertain the character and quantity of the dust in 
the air or gas, however, some method of sampling the dust content 
of the air or gas, both qualitatively and quantitatively, must be 
made use of. At first blush this would appear to be a simple 
matter easily taken care of, but a consideration of the characteris- 
tics of dusts will show that to obtain the desired information is 
often extremely difficult and in some cases' impossible, and particu- 
larly so if great accuracy of determination is required. 

Dust is finely comminuted or powdered matter, the size of the 
particles depending upon the character of the dust, its source, etc., 
the individual particles ranging in magnitude from those easily 
seen by the naked eye and large enough to be accurately measured 
and weighed, to those so small that the highest magnification fails 
to reveal their presence. It is not a difficult matter to devise 
methods for collecting and weighing or counting the larger par- 
ticles but when we consider that the dust particles as a whole 
occur in a more or less uniform gradation from coarse to fine, it 
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volumes of air or gases call for a much more refined method of 
determination than where there is a large amount of dust in the 
air or gases. No one type of apparatus will fill all requirements. 
It has been well said by a noted scientist that **there is no subject 
of common observation," such as the determination of the amount 
of dust, etc., in air or gases, "upon which observers are more dis- 
posed to differ." 

With all methods of dust determination the results are relative 
only and cannot be absolute. This is due not only to the fact that 
a considerable number of minute dust particles are not caught by 
the testing apparatus but pass through with the air or gas, or are 
lost by the complexity and character of the apparatus and methods 
used for their determination, but also to the unavoidable personal 
factor or equation of the observer, which must be as nearly as 
possible allowed for or eliminated before any degree of accuracy 
of results can be attained. 

Any statement therefore regarding the amount of any dust in a 
given quantity of air or gas must be considered as approximate 
only, the closeness of approximation to the actual amount depend- 
ing on the method and apparatus used, and that method which is 
the simplest, has the fewest processes to be performed, is mechanical 
in operation and easily manipulated, depends on no chemical proc- 
esses and involves and depends on simple, if any, mathematical 
calculation and is free from the personal equation of the opera- 
tor, is the method which will come nearest to the correct result. 

The apparatus must also be of sufficient capacity and of such a 
physical character as will enable it to handle a reasonably large 
volume of air or gas at any temperature up to 500 or 600 deg. 
fahr. without injury to or deterioration of the apparatus. 

METHODS 

A great variety of methods and apparatus for the purpose of 
dust determination has been devised and it is the purpose of this 
paper to present, in collected form, as many of these methods as 
possible, in order that their merits and demerits may be compared 
and in the hope that such a presentation may possibly be the means 
of bringing forth other methods or apparatus which shall most 
perfectly fulfill all requirements. 

The determination of dust content of air or gases involves two 
processes: first — sampling; second — measuring the amount of dust 
in the sample. The various methods of dust determination, i.e., 
sampling and measuring the quantity of dust, may be classified gen- 
erally as follows, although each method may, in some cases, involve 
the use of some of the other methods: 

1. Visual comparison methods; 

2. Condensation methods ; 

3. Diffraction methods; 

4. Counting methods; 

5. Weighing methods; 

6. Miscellaneous methods. 
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There are two principal methods in use for dust sampling; one 
by means of filters, the other by means of contact surfaces. 

FILTERS 

The use of some form of filter for the purpose of intercepting 
and catching the dust particles contained in the air or gas passed 
through would seem to be the simplest and most accurate method 
of dust sampling that could be used and its use in one form or 
another is the one most largely employed in the various forms of 
apparatus devised for this purpose, the air or gas with its dust 
content being drawn or torced through the filter, the volume of 
air or gas passed being measured and the filter weighed before 
and after the passage of the air or gas, the difference in weight 
giving the amount of dust caught and its relation to the volume 
of air or gas passed. Consequently a very large percent of the 
methods of dust determination involves the use of different types 
of filters with either cotton, wool, paper, wire cloth, or porcelain, 
in the form of screens, capsules or bags, or of cotton, wool, col- 
lodion wool, glass, sugar, resorcin, sand or water in bulk form. 

The most common form of filter consists of a glass tube filled 
with absorbent cotton through which the air or gas to be filtered 
flows. The air or gas is measured through a test meter and the 
cotton weighed before and after filtration. 

This filter might give accurate results if the cotton were always 
of the same density throughout the tube and were not hygroscopic. 
The cotton may be packed so loosely that some of the dust will 
work through, and unless the cotton is carefully dried, and weighed 
several times, a long and tedious process, errors are certain to arise. 
Experiments show that when two cotton filters are used in tandem, 
the second will increase in weight, showing that some of the fine 
dust works through and is not retained in the first tube. 

The same statement is more or less applicable to other forms of 
filters when loose material is similarly used as a filtering medium 
for dust determination. 

Pasteur, Gautier and others first conceived the idea of using a 
filtering medium which could be dissolved. Miguel substituted for 
the sand a layer of sodium sulphate. Franklin and Sedgwick used 
finely powdered sugar. Sugar has the disadvantage of not permit- 
ting perfect sterilization and of dissolving in contact with moist 
air. Ficker recommended the use of finely-divided glass instead 
of sand. 

There are, however, many difficulties to be overcome in the use 
of filters, calling for great care and accuracy of manipulation on 
the part of the operator, whose personal equation becomes an im- 
portant factor in the results obtained, but when properly used, the 
filter undoubtedly gives relatively as accurate results as are obtain- 
able, and some forms of dust filtering aoparatus in use have been 
so simplified and the inherent difficulties have been so far elimi- 
nated as to leave very little to be desired as to the results obtained, 
especially so where the air or gases are at low temperature and 
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the dust content is relatively small. A typical farm of this type of 
apparatus is the Sargent dust determinator, hereafter described. 

CONTACT SURFACES 

Another largely used form of dust sampling apparatus is what 
may be called a contact surface. Such a surface is coated with 
some adhesive material, against which the air or gas and its dust 
content is caused to impinge, the dust being caught and held by 
the adhesive surface and thus eliminated from the air or gas. 

These contact surfaces may be in the form of plates or tubes 
and are coated with glycerine, oil, varnish, gelatine or other com- 
pounds forming an adhesive surface. The air or gas with its 
dust content is drawn or forced against the adhesive surface, the 
volume of air or gas passed being measured. The dust caught by 
the adhesive surface is afterwards removed by a suitable solvent 
of the adhesive material, the solvent eliminated by filtration or 




FIG. 1. THE GOOCH FILTER 

evaporation and the remaining dust weighed, or the number of 
particles caught by the contact plate is counted in position on the 
plate. In either case the weight or count gives the amount of 
dust caught, and its relation to the volume of air or gas passed 
gives the quantity of dust per unit volume of air or gas passed. 

This method also has many difficulties to be overcome, calling 
for great care and accuracy of manipulation on the part of the 
operator, whose personal equation becomes an important factor 
in the results obtained, but when properly used it gives relatively 
very accurate results, especially so in cases where there is a very 
small amount of dust in the air or gas. A typical form of this 
form of apparatus is the E. Vernon Hill dust counter,* hereafter 
described. 

There are other forms of dust deterniinators. such as the Atkins 
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Stacy Filters, In testing air washers a number of forms of 
screens were tried. Plain cloth screens were made of cheese cloth, 
or bolting cloth, mounted on light frames and arranged so that 
all the air would pass through the cloth. Screens were made of 
cloth with a heavy nap, of filter paper and of fine-mesh wire cloth. 

They all permitted a large amount of fine dust to pass through 
them, absorbed moisture from the atmosphere, were difficult to 
weigh accurately and had other attendant difficulties which ren- 
dered their use inaccurate and impracticable. 

Dr. E, Vernon Hill (Air Washers). In testing air washers Dr. 
Hill made use of cheese-cloth screens stretched on square frames 
having an area of 1 sq. ft. The screens were exposed for a given 
length of time at the inlet and outlet ends of the air washer and 
the degree of blackening or discoloration was roughly approximated 
as a percentage ratio. This was only used in ducts where a high 
air velocity was present and it was at best a crude approximation. 

He also used porcelain dishes coated with a clean white vaseline 
and exposed them in the open air for a certain length of time. 



lUl 



FIG. 2. THE RINGELMANN SCALE FOR GRADING 
SMOKE DENSITY 

The degree of blackening or discoloration was roughly approxi- 
mated as a percentage. This was only an approximation. 

Gooch Filter. This consists of a platinum or porcelain crucible, 
of the shape of a frustrum of a cone with a number of small per- 
forations in its bottom. A platinum cap is fitted to the bottom of 
the crucible during the process of drying or igniting the precipitate. 
The perforated bottom is sometimes made removable. The filtra- 
tion is effected through an innerlining of asbestos felt which is 
introduced in the bottom of the 'crucible. The asbestos lining is 
made as follows: Some silky, fine fibred asbestos is mixed with 
water containing some hydrochloric acid, by rubbing with a pestle 
in a mortar and the mixture bottled for use. A portion of this 
mixture well-shaken in the bottle, is poured into the crucible and 
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width of the lines and their spacings being such as to blacken a 
definite portion of the area. The first area is designated as or 
zero smoke. 

The second area is drawn so that 20 per cent of its surface is 
covered by black lines, this represents No. 1 or 20 per cent smoke. 
The third has 40 per cent, covered and is No. 2 or 40 per cent 
smoke; similarly No. 3 is 60 per cent smoke, No. 4 is 80 per cent 
smoke, and No. 6 is 100 per cent smoke. 

In use the smoke under observation is compared directly with 
the scale, which is placed at a point between the observer and the 
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FIG. 3A. THE RUBNER APPARATUS FOR DUST DETERMINATION 
FIG. 3B. THE IIAHN APPARATUS FOR DUST DETERMINATION 

smoke under observation and at such a distance from the observer 
as to cause the definition of the lines to be lost, the several inter- 
mediate areas presenting only varying shades of gray. This and 
other similar scales are useful only as giving a numerical value 
to the shade or appearance of the smoke. 

Rubner Method of dust determination is based on the aspiration 
of a large volume of the air or gas to be tested (200 to 300 cu. ft.) 
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Hahn Method. This consists of a double cylinder suction pump 
with cylinders of known cubic capacity. The number of strokes 
made by the pistons gives the volume of air or gas passed in a given 
time. The dust is collected by drawing the air or gas through a 
tube containing collodion wool. The collodion wool is dissolved in a 
mixture of €ther and alcohol and the turbid fluid thus obtained is 
then compared with various standard solutions containing collodion 
and known amounts of soot and dust. 

Liefman Method. His method is based upon deposition or "sedi- 
mentation" of the soot or dust particles upon prepared plates. It 
consists of a horizontal and a vertical glass plate, each coated with 
a thin film of a white bleached oil. The apparatus is arranged so 
that it can turn on its vertical axis, the vertical plate being kept 
facing the air current by means of a vane fastened to the vertical 




FIG. 4. THE LIEFMANN APPARATUS FOR DUST DETERMINATION 

spindle. After due exposure for a given time (13 to 24 hours), 
the exposed plates are removed and their films of soot-and-dust- 
covered oil are removed by means of ether, which dissolves the oil 
and keeps the soot and dust in suspension. 

The ether is evaporated and the soot and dust residue mixed 
with a certain amount (5 per cent) of the originally used oil, 
yielding a mixture for comparison with standard mixtures. These 
standards are prepared by mixing weighed quantities of soot with 
the same amount of the oil (5 per cent) in each case. 

These mixtures are placed in stoppered bottles and give a scale 
of tints from one slightly tinged to one perfectly black. Com- 
parison is made between the test sample and these standards. 

The Kapnograph is a continuous visual indicator of the relative 
degree of cleanliness of the gases passing through it. Gas 
from the main is passed through this apparatus and caused to 
impinge on a continuous recording chart on which the dust in the 
gas is deposited. The variations in the amount are indicated by 
lighter or darker shades on the recording paper, depending on the 
amount of dust deposited. The flow of the gas in the instrument 
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is maintained either by the natural pressure of the gas or an 
aspirator behind the outlet pipe and its speed at the nozzle is kept 
constant by means of a regulator. This apparatus does not give 
the amount of dust in a given volume of gas but only indicates 
the relative amounts of dust passing from time to time. 

Eddy Smoke Gauge. This depends for its operation on the 
comparison of the smoke color with a Ringelman scale. It con- 
sists of a metal tube provided at one end with an observation lens 
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FIG. 5. THE EDDY SMOKE GAUGE 



FIG. 6. THE EDDY SMOKE RECORDER 

and eye piece and at the other end with an electric lamp arranged 
inside the tube so that its light shines through and illumines the 
tube from end to end. At the viewing end the tube has a side 
connection to the flow of furnace gas in the boiler uptake; at the 
lamp end is a side connection to an ejector. The whole apparatus 
is mounted preferably at the boiler furnace. 

In operation the ejector draws a continuous stream of ftue gas 
through the tube of the instrument, the gas being illuminated by 
the lamp at one end of the tube, when by viewing the column of 
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Eddy Smoke Recorder. The operation of this instrument is based 
on the principle that if a jet of smoke is driven against a porous 
paper, the soot and other coloring matter will adhere to the paper 
and form a permanent record, the soot and dust particles being 
driven into the pores of the paper and the record will correspond 
with the color of the smoke, irrespective of what that color may be. 
The apparatus consists of a motor-driven suction fan, a clock-driven 
recording chart and a pipe connection to the chimney provided with 
a jet through which the chimney gas is projected against the record- 
ing chart. 

In operation the pump draws the gas and dust content (smoke) 
from the chimney at a predetermined velocity and projects it 
through the jet against the recording paper chart where a record is 



FIG. 7. THE TODD DUST RECORD SCALE 

produced varying in density according to the amount of soot and 
dust in the chimney gases. The densities of the record can be 
compared with a standard color chart. By this instrument the com- 
bustion conditions in the furnace can be readily observed and means 
taken to so regulate them that there will be complete smokeless 
combustion in the furnace. 

Todd Method. This method is said to give a positive answer as 
to how much dust there is in the air tested. A disc, of canton 
flannel, 2^ in. in diameter, is placed in a receiver which has an 
opening 1 in. in diameter, and through this a me?isured quantity 
(200 cu. ft.) of air is drawn by means of a suction pump. On 
removing the canton flannel disc, there is found thereon a dust 
record, which by visual comparison of density of discoloration with 
a standard color scale of 10 gradations from white to black, indi- 
cates the relative dust content of the air drawn through the disc, 
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ured quantity of it into receiver R where it is mixed with a certain 
quantity of dustless air and saturated with water. The air in R 
IS then expanded by pump P and a shower of rain is produced, 
and the number of drops which fall on a measured area of the 
counting stage are counted. The counting stage is a polished silver 
plate, ruled in lines at right angles to each other, 1 mm. apart. 

The apparatus depends for its operation on the principle that 
when the air containing dust particles is super-saturated with 
aqueous vapor, each dust particle becomes a center of condensa- 
tion and visible drops of moisture are formed, which if precipi- 
tated on a plate, can be counted. The number of drops counted 
on the plate multiplied by the cubic contents of the pump and 




FIG. 8. THE AITKENS DUST COUNTER APPARATUS 

receiver, gives the number of dust particles in the measured quan- 
tity of air — most complicated and inaccurate. 

Hill Diffractoscope, This is a modification of the Aiken-Koni- 
scope and consists of a metal chamber lined with hygroscopic mate- 
rial and provided with a window at either end and on one side. A 
filter with a three-way cock is attached to one end of the instru- 
ment and a hose cock connection for exhausting the air at the 
other. 

The method of using the instrument is as follows: The hygro- 
scopic lining of the chamber is saturated with water, the three-way 
cock is turned so that air is introduced through the filter by the 
action of the pump at the exhaust outlet and the chamber thus 
filled with clean, filtered air. A powerful beam of light is then 
thrown through the window; if the air in the instrument is free 
from dust, a reduction of the pressure will not produce a fog and 
the light beam will not be visible. If dust is present in the instal- 
ment, a fog will result and the light beam will stand out clearly. 
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This apparatus is principally of value for showing when a given 
sample of air is absolutely free from dust. In this respect it is 
extremely accurate, but it is too delicate for ordinary test work. 

Dr. MacMillan has investigated the possibilities of applying the 
principle of the precipitation of dust from flue gases on a high ten- 
sion electric pole to the sampling of small quantities of dust, but 
with no practical results so far as is known. 

Mr. L. V. Coleman has endeavored to photograph luminous par- 
ticles seen at right angles to a beam of light, but with little success. 
The difficulty of preparing standards for comparison and the elab- 
orate apparatus discouraged continued effort. 

Aitkens Koniscope. This consists of a long horizontal tube lined 
with hygroscopic material, and it is provided with a window at each 
end and a stop cock at the inlet end for admitting the air. The ver- 
tical portion of the instrument is a suction pump connecting directly 



FIG. 9. THE HILL DIFFRACTOSCOPE 

with the interior of the horizontal tube. Air for testing is drawn 
into the apparatus through the stop cock by depressing the plunger 
of the pump. 

The stop cock is then closed and the pump piston again depressed. 
This action rarefies the air in the tube which has become saturated 
by contact with the wet lining. Lowering the pressure in this way 
has the same effect as lowering the temperature, the result being 
that the dew point is lowered and a fog is produced by aqueous 
condensation on each dust particle, the density of which by com- 
parison with suitable charts determines" the extent of air dustiness. 

This instrument also reveals all of the minute ultra-microscopic 
particles in the air and thus masks the difference in the number 
of fairly large particles (such as industrial dusts) in which the 
sanitarian is interested. This instrument is difficult of standardiza- 
tion and is not reliable, the personal equation of the operator being 
a serious factor. 

Hesse, {Bacteria Test.) He used a straight glass tube wide 
enough to receive a lining of nutrient gelatine or agar, the air 
teing drawn through the tube and cultures afterwards made of the 
bacteria caught on the lining of the tube and the colonies of bac- 
teria counted. It was inaccurate in that many organisms passed 
through with the air current and escaped. 
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Pavlowsky. {Bacteria Test.) He used a glass tube bent four 
times at an angle of 45 deg. The tube was lined with gelatine; and 
the air was slowly drawn through the tube and cultures afterwards 
made of the bacteria caught in the lining of the tube and the col- 
onies of bacteria counted. 

JVilliams. (Bacteria Test.) He used a spiral glass tube lined 
with laevulose, the air being drawn through the tube. The tube 
was washed out with sterilized water and cultures made with the 
sterilized water on gelatine plates, and the colonies of bacteria 
counted. This was a more difficult form of apparatus to manipu- 
late than a straight tube with the sources of error greatly increased. 

Miguel and Kammerer, {Bacteria Test.) They used a glass 
bulb half full of sterile liquid, the bulb terminating below in a 
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small tube bent up to a level with the surface of the liquid, the air 
being aspirated through the liquid from the top of the bulb. Cul- 
tures were afterwards made of the bacteria caught in the liquid 
and the colonies of bacteria counted. 

Straus and Wirt 2. {Bacteria Test.) They used a glass tube 
closed at its lower end by a tube of smaller diameter holding a 
quantity of gelatine solution. The upper end was fitted with a 
hollow glass stopper extending down as a fine tube into the gela- 
tine solution, the stopper being externally plugged with cotton when 
not in use. An aspirator on a branch tube drew the air through 
the hollow stopper, causing it to bubble through the gelatine solu- 
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with a perforated rubber cork, the perforation being of a size to 
fit the filter tube. For fihering dust he uses a sugar filter, consist- 
ing of a glass adaptor, 3 5 cm. long, 5 cm. in diameter at the top and 
2 cm. in diameter at the bottom. A rubber cork with a small piece 
of glass tubing is inserted in the base. Over this cork is placed a 
piece of bolting cloth which acts as a support to the sugar used 
as filtering material, about 5 grams being used. The filter is attached 
to the air chamber by inserting the small glass tube in the perforated 
rubber cork on the air chamber. A measured amount of air is 



FIG. U. THE BASKERVILLE DUST AND 
BACTERIA TEST APPARATUS 

drawn by the suction pump through the filter which is afterwards 
dissolved in 10 cc. of sterilized distilled water, well shaken and 1 
cc. of the solution placed in a Sedgwick-Rafter counting cell. The 
dust particles are then counted under the microscope. This process 
is very inaccurate, as commercial sugar often runs high in dust 
particles. 

For filtering bacteria, he uses a sand filter, consisting of a glass 
tube 10 cm. long and 1 cm. in diameter and open at both ends. A 
cork stopper with a small piece of glass tubing is inserted in one 
end, and over this cork is placed a piece of bolting cloth, which acts 
as a support to the sand. On this is placed a layer of No. 80 
mesh wire cloth covered with non-diatomaceous sand, about 1 cm. 
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thick. The filter is attached to the air chamber as before described 
and a measured amount of air is drawn by the suction pump through 
the filter. The sand is then turned into a test tube containing IG 
cm. of sterilized distilled water. After shaking, 1 cm. is transferred 
to a Petrie dish and mixed with 10 cm. of litmu$ lactose agar, and 
incubated, and the colonies of bacteria counted. 

Soper Method, {Bacteria.) Soper makes use of a sand filter 
similar to that already described as used by Baskerville, but uses 
two filters in tandem, and at times a vacuum cylinder or aspirator 
as devised by Dr. Prudden, instead of a pump. Prudden's aspira- 
tor consists of a metal cylinder furnished with a vacuum gauge 
and two stop cocks. The cylinder is exhausted by a foot pump, 
the sand filter is connected by a piece of rubber tubing, the stop 



FIG. 12. THE PRUDDEN FILTER AND ASPIRATOR. 

cock opened and the air is drawn through the filter into the cylinder, 
leaving the dust and organisms in the filter. 

Soper's process is similar to that of Baskerville except that 
the sand from the filter is poured into a tube of melted agar, the 
tube agitated and the liquid poured into a Petrie dish, the sand 
being left behind. A second tube of melted agar is then poured 
upon the sand remaining in the •first tube. This is agitated and 
the agar and sand both poured into a second dish. The Petrie dishes 
are then incubated and the bacteria counted. 

The Petrie sand filter, often used in this connection, consists of a 
glass tube containing two separate layers of fine sand confined 
between pieces of wire cloth. After the test this sand is poured 
into an ordinary culture dish and covered with gdatine or agar, 
incubated and the colonies of bacteria counted. 

Soper uses a sugar filter for such determination in a manner 
substantially as described for Baskerville, except that after the 
sugar is dissolved, the dust particles, which remained in the solu- 
tion, are collected in a weighed Gk)och filter containing a felt of 
asbestos. The filter is washed, dried and weighed and the increase 
in weight gives the amount of dust for the volume of air aspirated. 
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Graham-Rogers Method. Their method consists in passing a 
measured amount of air through a cylinder in which is inserted a 
Petrie dish of such size as to almost, but not quite, fill the cylinder. 
The Petrie dish is ruled in squares and coated with glycerine. The 
air stream is drawn through the cylinder so that it strikes the sur- 
face of the glycerinated plate and deposits its dust particles on the 
glycerine before finding its way around the edges of the plate, and 
the particles so deposited are counted directly under a microscope 
by the aid of the rulings on the plate. This is very inaccurate, as 



FIG. 13. THE GRAHAM-ROGERS METHOD 

the air and a large amount of the fine dust particles pass around 
the edge of the dish. 

Hahn Method, This method consists in filtering a measured 
amount of air through collodion wool, then dissolving the wool in 
ether and counting the particles in a measured amount of the liquid. 

A. E. Stacey, Jr., Photographic Dust Count Method, This is 
a method proposed by Mr. Stacy in 1914 but not at that time experi- 
mented with. It consists of a high grade camera having high- 
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ing a photographic plateholder, so arranged that the entering air 
is thrown directly against the center of the plate. 

In using the instrument, the plate holder is opened and clean 
distilled water applied to the central portion of the plate with a 
clean camel's-hair brush. The water softens the film on the plate 
which retains the dust particles that are forced against it. After 
exposure to the current of air where a dust determination is to be 
made, the plate is dried and developed in the usual "manner. The 
count is made from the plate with the aid of low magnification 
from photographic prints made from the plate. It is a simple 
apparatus to make and easy to use, and it gives fair and consistent 
results if great accuracy is not desired, provided the instrument is 



FIG. 14. HILL PHOTOGRAPHIC DUST COUNT APPARATUS 

carefully cleaned, before each test, of the dust particles that lodge 
in the anemometer and various parts of the instrument. This is 
difficult and tedious to do, however, and its accuracy is diminished 
to that extent. 

Hill Dust Counter. This instrument consists essentially of an 
exhaust pump of known capacity for handling the air and a small 
capsule or shell affixed to the inlet of the pump, carrying a cover- 
glass coated with adhesive material for catching and retaining the 
dust. In using the instrument, the cover of the capsule is removed 
from the base and a clean microscopical cover-glass inserted in the 
holder provided. 

The cover-glass is then lightly coated with a mixture of Damar 
varnish, glycerine and linseed oil of such consistency that it will 
not dry or form a surface film when the instrument is in use, but 
will become firm in 24 hours. The cover is replaced on the base 
of the capsule which is then screwed to the nozzle of the pump. A 
certain number of strokes with the pump is taken in the air where 
the determination is to be made, the number of strokes varying 
with the extent of dustiness expected. Care in this respect must 
be taken, as an excessive amount of dust on the slide makes it diffi- 
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cult to count. After the necessary number of strokes has been 
taken, the capsule is removed from the base, the base being held 
inverted during this operation so that no dust particles in the air 
will settle on the specimen. 

The cover slip is removed from the holder in the inverted position 
and placed on a clean microscopic slide with the adhesive side 
against the slide. The specimen is then placed on the stage of the 
microscope and the count made. 

Sedgwick Tucker Method, Used for testing bacteria in air, this 
consists of a short Hesse tube narrowed unequally at the ends, one 
of which is stopped with granulated sugar carefully sterilized. A 
known volume of air is drawn through the tube, leaving its germs, 
etc., in the filter of sugar. Sterilized gelatine is then introduced 
at the free end and the tube stoppered, the sugar dislodged and 
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FIG. 15. THE HILL DUST COUNTER 

shaken into the gelatine, dissolved therein and the germ-laden 
gelatine then spread as a coat, by rolling on the inner side of the 
tube. After incubating the germs in the usual way they are readily 
counted by the aid of squares etched or ground on the outside of 
the tube. 

Roll Tube. This consists of a round test tube into which the 
liquid gelatine and contained bacteria, dust, etc., are poured. The 
tube is then continuously rolled about its long axis until the gela- 
tine is distributed and sets on the inner surface of the tube. For 
the examination of the purity of water, a known volume of the 
water under examination is mixed with a much larger volume 
of sterilized nutrient gelatine, thus somewhat widely separating the 
germs in the melted gelatine, which is then poured on a cool plate 
carefully leveled. The gelatine cools and stiffens and the germs 
are kept separated in the stiffened mass but may easily grow and 
multiply in the nutrient mass. After a short time opaque dots or 
islands form, due to the rapid, though localized increase of the 
germs. Each dot, if caused by bacteria, is called a colony and is 
taken to represent one germ in the original water. 

Ditman Method, This apparatus consists of a filter and an aspira- 
tor, the filter consisting of a small weighing bottle containing a 
receptacle tightly packed with cotton wool, through which air can 
be made to pass. The weighing bottle is provided with an accu- 
rately-fitted, ground-glass stopper through which passes an inlet 
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tube and an outlet tube. The inlet tube immediately inside the 
stopper is expanded (to decrease the air velocity before it reaches 
the filtering material) and terminates in a bulb. It has a lip at 
the bottom over which is tightly stretched and fastened a silk cap 
and the interior of the bulb is tightly packed with absorbent cotton 
wool. 

The outlet of the filter is connected to an aspirator and the out- 
let is placed at the point where it is desired to ascertain the quan- 
tity of dust in the air. The inlet and outlet tubes are both provided 
with a ground-glass stopper. 

The filter is carefully dried and weighed and then connected in 
circuit with the aspirator and a measured quantity of air is drawn 
through the fiUer, from 100 to 300 litres, after which the filter is 
again dried and weighed. The difference in weight together with 




FIG. 16. APPARATUS FOR THE DITMAN METHOD 

the volume of air drawn through will determine the amount of dust 
per cubic unit of air. 

Osborn Method. This consists in filtering a measured amount of 
air through fine-mesh wire cloth with subsequent bubbling through 
water, and then determining the weight of the solids collected. The 
apparatus consists of a variable speed centrifugal fan, a dry gas 
meter, a series of baffle wash bottles of special construction, a 
special form of dust filter and a special form of sampling tube, 
all connected in series by suitable piping. To prevent the con- 
densation of moisture in the sample tube, the entire tube and filter 
jacket is steam jacketed. The filter consists of a special cup made 
of 200 mesh wire-cloth held in place in the filter box in a manner 
similar to the Brady apparatus. 

The sample tube is a modification of the Brady tube and is 
placed in the main gas pipe at the point of mean velocity and with 
its opening opposed to the direction of the flow of the gases. 

The baSle wash bottles are constructed with two perforated, 
curved baffle plates, sealed one above the other to and surrounding 
the inlet tube to the bottle at points near the middle and the 
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lower end of the inlet tubes; the bafHe plates are nearly ithe 
diameter of the inside of the bottle. The wash bottles are filled 
with water to a point above the upper baffle plate. 

In the operation of the apparatus, the gases to be tested are 
drawn by the suction fan through the sampling tube and filter, 
the wash bottles and meter, at a velocity approximately equal to 
the gas velocity in the mainpipe. The gas in bubbling through the 
wash bottles has its velocity retarded and the main portion of the 
dust is washed out by the water in the bottles. A small portion of 
fine dust passes through and this is caught by the wire mesh filter 
in the filter box. The volume of gas passed is recorded on the 
meter. 
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FIG. 17. EQUIPMENT FOR THE OSBORN METHOD 

Duckcring Method. This consists of filtering a measured amount 
of air through cotton wool and noting the increase in weight. The 
iilter consists of a small weighing bottle having a ground-glass 
stopper, through which pass two tubes, one for admission and 
one for exit of air. The inlet tube terminates in an inverted thistle- 
funnel which is filled with cotton wool, the constriction in the lower 
part of the funnel holding the wool firmly to the inlet of the funnel. 

This form was adopted in order to prevent the passage of air 
between the wool and the glass. In this form all of the dust was 
collected in a small disc of wool about 1.8 in. thick with no loss. 
To prevent the loss of any of the wool the whole of the funnel 
is covered with a silk cap fastened by being tied at the con- 
strictions with thread. 

The filters are made in sets of three, all of the same size and 
general arrangement. Bottle 1, having the inlet tube, is cut off 
above thq stopper and into it is fitted, by a ground-glass stopper, 
a bent funnel. Bottles 1 and 2, 2 and 3 are connected by ground- 
glass joints. The inlet and outlet tubes of all the bottles are 
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fitted with ground-glass stoppers, and rubber rings are slipped 
over the bottles and stoppers so as to hold the latter firmly in 
place. Only one bottle is used at a test, but three are dried together. 
The volume of air filtered is measured by a registering gas 
meter and the air is drawn through the filter and meter by means 
of a Bunsen aspirating pump. The filter and tube are first care- 
fully dried and weighed, after which a determined amount of air 
is drawn through the filter. The filter and tube are again dried 
and weighed, the difference in weight being that of the dust col- 
lected. This weight divided by the volume of air passed, gives the 
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FI(]. 18. FILTER BOTTLES OF THE DUCKERING METHOD 

amount of dust per unit of volume of air. There are here the 
same chances for inaccuracy as in other filtering methods of this 
character. 

Mariner and Hoskins Method. This consists in filtering a meas- 
ured amount of air through a specially prepared Soxhlet paper 
thimble and noting the increase in weight of the thimble. The ap- 
paratus is sensihlv the same as the Rradv ani>aratns excent that 
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being provided with rings for holding fine-mesh muslin bags, which 
are suspended in the funnel. The outlet of the fan is also 
provided with an elongated funnel in which is placed an anemom- 
eter to determine the amount of air passing through the instrument. 
The bag is dried and carefully weighed, and then placed in the 
cone inlet and from 100 to 600 cu. ft. of air drawn through the 
bag by the fan. The bag is again dried and weighed, the in- 
crease in weight indicating the amount of dust in the quantity 
of air handled. 

Cotton Filter. This apparatus consists of a gas testing meter, 
the outlet of which is connected to a centrifugal fan, electrically- 
driven. The inlet of the meter is equipped with a glass receptacle 
so constructed that it can be used with either cotton, sand or 



FIG. 19. FAN EQUIPMENT FOR THE HILL FILTER BAG METHOD 

sugar filtering material. The cotton filter is carefully dried and 
weighed, as with the filter bag method. Both these methods were 
found to be inaccurate and impracticable due to the misleading 
results obtained, the loss of the finer dust through the filters, and 
the difficulty of accurately weighing the filter and dust, . due to the 
fact th^t the weight changed during the weighing on account of 
absorption. 

Brad^ Dust and Moisture Apparatus. This is similar to the Sar- 
gent dixst determinator, of which it was the original in its general 
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In operation the sampling pipe is inserted in the gas main with 
its opening opposed to the direction of the gas flow and at the 
point of mean velocity of the gas. The gas is drawn, by the suction 
pump, through the sampling tube and filter, at practically the same 
velocity as that of the gas flowing in the main. The subsequent 
operations are the same as described for the Sargent dust deter- 
mination. 

This apparatus is complicated and somewhat difficult of manipu- 
lation and there is more or less chance for the personal equation 
of the operator vitiating the accuracy of the results. In the hands 
of an expert operator, however, very satisfactory results are ob- 
tained. 

Carrier Dry Filter Method, This is used in connection with the 
Carrier air washer and consists of two cloth filter bags of small 
size, through which the air is drawn simultaneously from the 




FIG. 20. THE BRADY DUST AND MOISTURE APPARATUS 



front and back of an air washer at an equal and constant rate. 
The air is taken into each filter bag through a sampling tube 
arranged to take the air as uniformly as possible from each face 
of the washer. At the point of entrance to the sampling tubes, 
there is an electric heater, so that the air is thoroughly dried out 
before passing into the bags. 

The bags are weighed before and after a determined amount of 
air is drawn through them. The ratio between the weight of the 
dust in the outlet bag to the weight of dust in the inlet bag, gives 
the percentage of dust eliminated. 

Lanza Dust Sampling Apparatus, This consists of a glass bulb 
container for the filtering medium which is granulated sugar held 
in place by a perforated glass plate in the bottom of the glass bulb, 
the mouthpiece of a Draeger oxygen breathing apparatus with its 
connecting inhalation and exhalation tubes, a nosepiece, and a 
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thence forcing it out into the liter bag. This is continued until the 
bag is full. The dust in the air is caught by the sugar filter. The 
glass bulb containing the sugar and whatever dust has been caught 
is thoroughly washed out with hot water, dissolving the sugar, 
the dust remaining suspended therein. This solution is then passed 
through a Gooch crucible of known weight, using short-fibre asbestos 
as a filter. The filter is subsequently dried at 110 deg. cent, for 
1 hour, cooled in a calcium-chloride desiccator to room tempera- 
ture, and then weighed. The increase in weight represents the 
weight of dust. This method is not very accurate — too many points 
of uncertainty of operation. 



FIG. 21. THE CARRIER DRY FILTER APPARATUS 

Sargent Dust DetermUiator, This consists of a cylindrical 
aluminum box with a conical cover arranged to be fastened air- 
tight to it. Between the cover and the box is inserted a special 
filter-paper diaphragm supported in place on a wire gauze screen. 
An electric lamp in the bottom of the box serves by its heat to 
keep the filter dry. 

The filter is of special make adapted for dry filtration, it. being 
found that due to the minute interstices of this filtering medium 
#-vftrv atom of dust is rauc^ht. the side through which the dust 
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gas and dust content are drawn into the cover and through the filter 
diaphragm, the cUist being filtered out and. the air or gas passed 
on through the registering meter. After this operation has pro- 
ceeded for a given time, the fiUer which was weighed before being 
placed in the apparatus, is removed with its dust coating and again 
weighed, the difference in weight before and after, divided by the 
volume of air or gas passed as shown by the registering meter, gives 
the weight of dust per unit of volume, generally in grains per 
cubic foot. 

American Automatic Suction Dust Filter. This system consists 
of a number of specially-woven cloth-bags, arranged in a closed 




FTC. 22. THE LANZA DUST 
SAMPLING APPARATUS 



FIG. 23. THE SARGENT DUST 
DETERMINATOR 



case. The air or gas and dust content are drawn or forced into 
and through th^ meshes of the bags, the dust being retained inside 
the bags. The bags are weighed before and after the filtering 
process, and the difference in weight divided by the volume of gas 
passed in a given time, gives the weight of dust per unit volume, 
generally in grains per cubic foot of gas. The same difficulties 
and inaccuracies are involved in this method as in all similar filtering 
systems. 
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and closed at the bottom by a perforated cork, through which 
passes the small glass tube first described, is thus connected with 
the exhaust pump. 

In the interior of the "sand" tube the cork is covered with a 
very fine specially prepared gauze and the tube is filled with a 
very fine quality of specially prepared white sand, the gauze serving 
to prevent the sand from being discharged from the tube. 

In use the sand tube is sterilized and sealed and then connected 
to the exhaust apparatus. The seal is then removed from the 
free end of the tube and a measured quantity of air is drawn 



FIG. 24. AMERICAN AUTOMATIC 
SUCTION DUST FILTER 



through the tube. The bacteria count is afterwards made by one 
of the methods already described. 

Brczvn Dust Determinator. This apparatus consists of a variable- 
speed motor-driven air pump, a recording gas meter for measuring 
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suction pump is regulated so that the entering gas has the same 
speed as in the gas main and the gas and its dust content are filtered 
out, the volume of gas passing in a given time being indicated by the 
recording meter. 

The difference between the dry weight of the filtering medium 
before and after the test, divided by the number of cubic units shown 
by the meter gives the weight of dust per cubic unit. The moisture 
is determined from the weight of water in the drying receptacles. 

This apparatus is quite accurate in its determinations of the 
amount of dust and moisture contained in the air or gas, as well 
as of the volume of the gas, and is used with considerable success. 

Whipple and Whipple Method for testing air cleanliftess. It con- 
sists in exposing a given collecting surface to the atmosphere over a 




FIG. 25. THE BROWN DUST DETERMINATOR 

considerable period of time. The apparatus consists of two- 
quart tin pails in which are inserted large open-mouth glass-jars. 
About 1 liter of distilled water is placed in each and they are 
suspended about 20 ft. above the surface of the street. After 
about 2 weeks exposure about one-half the water has evaporated. 
The contents of the jars are carefully washed out and made 
up to one liter in volume. The water is evaporated and the solid 
contents weighed. Analyses are also made for silica and iron. 
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water. Air is exhausted from the tipper end of the bulb by means 
of a suction fan. 

The air to be tested is drawn in through the inlet end of the 
bulb, displacing the water from the V-tube which on reaching the 
bulb enlargement breaks into a fine shower or spray. The force 
of the air stream keeps the water in constant spray formation and 
the air itself is washed of its suspended dust as it passes through 
this water spray. The air is measured by a special meter. 

After a test run is completed the water and dust content is 
decanted and the bulb rinsed with water making the total up to about 
100 cc. 

The dust content thus secured may be estimated either by reading 
its turbidity against a set of standards, or by counting the dust 




FIG. 26. THE PALMER WATER SPRAY APPARATUS 

particles in a portion of the sample under the microscope, or by 
weighing the solids after filtration through a Gooch crucible, or 
after evaporation to drjmess. 

Dreschel Wash Bottles, A modified form of the ordinary wash 
bottles is here used, the action being reversed and the air drawn in 
and bubbled through the water in the bottle. This form of washer 
is used for collecting dust, etc., from air or gases by bubbling the 
air or gases through water contained in the bottle. In use the 
outlet end of the bottle is connected to a meter for measuring the 
volume of air or gas passed and the meter is connected to an 
exhaust apparatus. After passing a determined amount of air or 
gas (50 to 100 cu. ft.) the bottle is emptied into an evaporating 
dish, the water evaporated and the residue weighed. 

This method is inaccurate in that all of the dust is not retained 
by the water even when the gas is bubbled through at a low 
velocity, the finer particles in the interior of the bubbles being 
car»-ied through. Instead of evaporating the water and weighing 
the residue, specimens of the water in the bottle are taken and a 
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count is made with a Sedgwick-Rafter cell. This is not very accurate 
or uniform in^ results. 

Knmvles Dust SampUmf Method. This form and method of 
dust sampling is an improvement on other similar methods, notably 
the Liefman and Hill methods, in which a surface is coated with 
an adhesive substance to which the dust particles adhere and which 
can then be dissolved in a liquid which has no solvent action on 
the dust particles, the dust particles being afterwards separated 
from the liquid by filtration, or by evaporation of the liquid, and 
then weighed. At the same time a record is made of the volume 
of air or gas passed, the relation of the weight of dust to the 
volume of air giving the amount of dust per unit of volume. 

This apparatus was developed for the purpose of determining 
the amount of dust in large volumes of high temperature flue gases 



FIG. 27. THE DRESCHEL WASH BOTTLE METHOD 

and has been so arranged that it is almost entirely mechanical in 
operation, involving a minimum of hand manipulation, and that of 
a purely perfunctory character, thus practically eliminating the 
personal equation. 

The apparatus consists of a metal blade, rectangular in shape, 
of a length sufficient to pass diametrically from one side of the 
gas flue to the other, and of a width sufficient to make the total 
area of the blade an even ntunber of square inches, such as 24 
by 6 in., equalling 144 sq. in. The blade is made of polished 
sheet-metal, stifi"ened by rounding the edges and is provided with 
a handle at the upper end for holding and manipulating. In test- 
ing an air washing or dust separating apparatus, two such blades 
are used, one for the inlet and one for the outlet ends. 

There is also provided a sheet metal tank, rectangular in cross 
section and of sufficient length to fully enclose the metal peddle. 
The bottom of the tank is made conical with a stoppered opening 
at the apex of the cone and it is provided with legs on which it is 
supported in a vertical position. 

A rectangular opening is made in the gas flue, at its highest 
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point, of sufficient size' to permit the passage there-through of 
the test blade without contact with the opening. In operation, the 
convex side of the blade is evenly and thinly coated with a high- 
temperature-resisting oil, such as heavy cylinder oil and the tank 
is filled with gasoline. The test plate is inserted vertically through 
the opening in the flue and passed through until it reaches the 
other side, the coated side being opposed to the direction of the 
flow of the gas, and it is held in this position for a given time, 
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FIG. 28. THE KNOWLES DUST SAMPLING METHOD 

generally about 30 seconds, when it is withdrawn, its time of 
entrance and withdrawal being carefully timed. 

The dust in the flue gas impinging on the coated surface of the 
test plate adheres to the same and is withdrawn with it. The 
plate is then immersed in the gasoline in the tank and gently moved 
up and down in the same. The gasoline dissolves the oil, holding 
it in solution, and the dust settles to the bottom of the tank. 

After the dust and oil have been thus removed from the plate, 
it is wiped dry, again coated with oil and the operation again 
repeated. This may be done quite a number of times before the 
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gasoline gets saturated with oil, thus giving a cumulative test and 
amount of dust. 

At the time that these plates are being exposed, the velocity of 
the gas in the flue is measured at different points in the flue so 
that an average velocity may be obtained. This is done preferably 
by means of a specially designed anemometer so arranged that 
it can be inserted through an opening in the flue and autcmiatically 
started and stopped from the outside. 

After the desired number of tests has been made (the more, 
the better the average), the tank is emptied into a large bottle or 
container and carefully washed out with gasoline until every trace 
of dust is removed from the tank. The dust is then allowed to 
completely settle in the container, when the supernatent liquid is 
carefully drawn off, fresh gasoline added and the dust shaken 
up and again allowed to settle. 

After this has been done several times, there will remain at the 
bottom the dust and a weak solution of oil in gasoline. This is 
then filtered through a double weighed filter, one paper filter inside 
the other. The filters take up the oil from the gasoHne, both be- 
coming equally saturated. 

After the original liquid (oil and gasoline), has passed through 
the filters, they are washed with fresh gasoline, separated and 
dried. The inner filter contains the dust and has also increased 
in weight by the added oil which it has absorbed. The outer filter 
has also increased equally in weight by the oil which it has absorbed. 

The filters are then weighed, the difference in weight of the outer 
filter before and after giving the weight of oil absorbed by the 
filters. The difference in weight of the inner filter before and 
after gives the weight of the dust plus the oil absorbed by the filter. 
The weight of oil found by the outer filter subtracted from this 
weight gives the weight of dust collected. 

This operation, while long to explain, is very short to perform 
and is quite mechanical, giving very little chance for error. In 
case it is desired to test the percentage of dust eliminated by an 
air washer or dust separator, two paddles and tanks are used, 
one for the inlet and one for the outlet of the washer or separator 
and observations are made simultaneously at both points. The 
ratio of the dust obtained at the inlet to the dust obtained at the 
outlet will give the percentage of dust eliminated by the apparatus 
under test. 

The Swinburne Photographic Smoke Recording Apparatus, The 
principle of operation is that of photographing the smoke scale 
and the smoke on the same plate, so that any variation of tone of 
the negative due to any cause will affect equally both the chart 
and the smoke and thus a fair comparison be obtained between 
the two. The scale is made by putting a process plate in a print 
frame with a paper screen in front of it having a rectangular 
opening in the upper part of the screen to correspond to the smoked 
scale. This opening is covered by a paper shutter which is with- 
drawn in steps, say eight, and the plate exposed in geometrical 
progression to the light of a candle about 2 ft. away. This plate 
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is then developed and serves as a scale of densities for smoke 
comparison. For operation this scale plate is mounted in the 
camera in front of the sensitive plate and exposure of the smoke 
is made through the scale plate. 

Lowden's Smoke Tintometer, This consists of a metal tube having 
an eyepiece at one end and provided with two apertures at the 
other. One of the apertures is fitted with a revolving diaphragm 
by means of which it is possible to bring different pieces of tinted 
glass in front of the aperture. The diaphragm has six holes, cor- 
responding in size to the objective aperture and five of these have 
tinted glass of varying density marked to 5 and corresponding 
in density to the Ringelmann smoke chart. The smoke is observed 
through the apertures, the one with the diaphragm being clear of 
the smoke, and by revolving the diaphragm the smoke color can 
be matched with one of the tinted glasses. 



FIG. 29. THE SWINBURNE PHOTOGRAPHIC 
SMOKE RECORDING METHOD 

Bonham and Weber Method, This is a continuous, automatic 
method of recording the smoke density somewhat similar to the 
Hambler-Eddy Method. It consists of two large drums revolved 
by clock work. On one drum is wound a specially prepared white 
tape, so treated as to retain the soot and dust on its surface, the 
end of this tape being attached to the other drum. 

An electrically operated fan draws a small portion of the gas 
and dust from the flue or chimney and forces it at a pressure 
through a small opening onto the prepared surface of the tape. 
The whole is enclosed in a dust-proof box. The dust makes a more 
or less dense discoloration on the tape according to the amount in 
the gas, which serves for comparison with a standard scale. 

This method may be modified by using an unprepared tape, and 
passing it over the pipe orifice and forcing the gas through the 
tape, the dust being filtered out and held by the tape. 

Wells Centrifuge, Used for sampling bacteria, it consists of a ver- 
tical cylinder provided with extended tubular arms. The rapid rota- 
tion of this cylinder causes a current of air to pass down an 
aperture at the axis of the cylinder into a glass tube whose walls 
are coated with gelatine or agar and thence up and out through 
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the tubular arms or vanes. The centrifugal action and the lessened 
velocity through the glass tube cause the suspended matter to 
precipitate against the walls of the tube. The subsequent incuba- 
tion of the tube permits a growth of colonies where the individual 
bacteria have alighted, and these colonies are counted. 

Wallace and Tiernan modification of the Wells centrifuge con- 
sisted of a metal bowl, 8 in. in diameter and 6 in. in height, whirled 
by a direct-connected electric motor mounted on a vertical shaft. 
So much difficulty was found in the use of this apparatus that it 
was abandoned. 

CONCr.USIONS 

In conclusion, as has already been stated, it must be constantly 
borne in mind that no one method of dust determination will sene 
all purposes. The determination of a small amount of dust, bacteria, 
etc., in a large volume of air or gas is one thing and the determina- 
tion of a large amount of dust in a relatively small volume of air 
or gas is another; their requirements are different and different 
methods of determination are required for each. 

The one most accurately adapted to the determination in view 
is the one to be used, as in any event, by any method of dust 
determination the results are relative only and under the best of 
conditions give only a close approximation to absolute accuracy. 
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No. 506 

TOPICAL DISCUSSION 

MINE VENTILATION 

The President: The Secretary has received an interesting com- 
munication from Mr. Jos. J. Walsh, Mine Inspector, Tenth Anthra- 
cite Inspection District, Wilkesbarre, Pa., that is worthy of the 
attention of the Meeting. 

The statement was read by the Secretary as follows : 

INFLUENZA AMONG COAL MINERS 

During the recent influenza epidemic it was noticed that the disease was 
more prevalent in some mines than in others. It was also found that the same 
relative proportion of cases did not exist in the different sections of the 
sanie mine, notwithstanding the fact that the physical conditions, and the 
mining methods were similar, and that the employees of the different mines 
resided in communities equally affected by the plague. 

Believing that, possibly, an increased carbon dioxide, or a reduced oxygen 
content of the niine air would have some influence in the propagation of the 
disease, the Writer set out to identify the bad factor. Samples of air were 
taken from the different mines and analyzed in order to establish a relation, 
if any, between the disease and the mine air, each factor, namely, oxygen, 
carbon dioxide, nitrogen and the wet and dry-buJb temperatures were plotted 
against the percentages of influenza cases; it was found, however, that no 
relation existed between these factors and the disease. Neither did it appear 
that resistance to infection was influenced by an air condition in which, it 
was shown by analysis, the oxygen content was 20 per ^ent, and in which 
carbon dioxide was present to the extent of 0.4 per cent. 

It was found, however, that the relative humidity of the air in which the 
men worked was the most influential factor and, when high, appeared to 
furnish an appreciable advantage to health. 

In the 30 or more air conditions examined it was found, as shown by the 
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c ^.b **-2* Relation Between Percentage of Miners Sick 

«jig< g g, from Influenza, and the Relative Humidity of 

I ^ oii ^^^ Atmosphere in Which They Worked. 

i- £ c i.w-$^ 14th Anthracite District, Nanticoke, Pa. 



Mines CUffiS fiJot^ 

Group 1 75-80 61.6 

Group 2 80-85 56.2 

Group 3 85-90 52.4 

Group 4 90-95 39.2 

Group 5 95-100 18.5 



DISCUSSION 



Theodork Wejnsiiank : About two years ago I attended a Ken- 
tucky State Miners' Convention at Lexington. At tlie meeting 
tliere were a number of papers read on the prevention of explosions 
in mines. In a certain paper read, there was pointed out that all 
causes of explosions were due to coal dust which accumulates in 
pockets and sometimes explodes through spontaneous combustion, 
and sometimes by coming in contact with a miner's lamp. During 
the di.scussion of the paper I inquired whether moistening of the 
walls and ceiling of the mine would prevent these explosions. The 
prevailing opinion of those present was that if the air which is 
ilelivered to the mines was saturated to the dew point these explo- 
sions would be absolutely eliminated. 

I then^ stated that if this is true, there is not a mine in the 
United States that is properly ventilated. My contention was that 
if a mine is properly ventilated and the air is changed three or four 
times an hour, then the temperature of the mine should vary in the 
winter and the summer. For example, if the outside temperature is 
zero, and there is a change of air in the mine three or four times 
an hour, then the temperature of the mine must necessarily drop. 
Also, if the outside temperature is 100 deg. fahr., then the tem- 
I)erature of the mine must necessarily raise, whereas the gentleman 
who read the paper stated that the temperature of the mine always 
remains at 60 deg. or 65 deg. This statement is proof that the tem- 
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I was then asked what the probable cost would be of such an 
installation, and told them it would run from $100,000 to $120,000. 
This was ridiculed as too expensive a proposition. In other words, 
it was an admission by the operators that the question of ventilating 
mines is one of cost. 

I further stated that, after listening to the discussion about the 
ventilation of mines, I was convinced that our mines are not prop- 
erly ventilated, nor is the air being saturated to the extent that 
would deposit moisture in the mines and so prevent explosions. 

H. L. Williams: I can talk on that subject a little, because I 
have had mining experience. I cannot quite agree with Mr. Wein- 
shank. In the great majority of cases in mines it will be found that 
the question of moisture is decided for us before we start. In one 
mine, for instance, we pumped 2,000 gal. of water a minute. We get 
all the air into that mine that we want, as a usual thing. I agree 
with Mr. Weinshank that a great many of our mines lack air — 
there is no question about that. But the question of moisture is one 
that does not bother the mine very much. I do agree with him 
in stating that the great trouble that is experienced in mine ventila- 
tion is due to the fact that there is not the air circulation in the 
mine that there should be. If there is proper circulation of air in a 
mine the moisture will take care of itself without a question of a 
doubt; but get the air in and the air conditions will be better. 

Of course, mines differ. There are some mines that have more 
dust than others. Our greatest difficulty was to get rid of the powder 
smoke and things of that kind and I found the best way to get rid 
of that was to pump in a lot of air. When there are considerable 
powder smells in a mine the men can't stay there and work. But as 
far as the question of moisture is concerned, there is nothing that 
can be done. Moisture is always there. 

Theodore Weinshank: I was informed that they have a con- 
trivance for preventing explosions in mines, consisting of a water 
tank under air pressure, which is carried through the mine and the 
walls and roof sprinkled so as to prevent any accumulation of dust. 

The claim is made that the air which' is delivered tp the mine 
through a shaft is dry, picks up considerable dust on its way down 
and deposits this dust in the mine, which eventually finds its way 
into air pockets — another proof that the moistening of air is more 
important than the question of air. 

W. H. Carrier: I understand that mines are classified in that re- 
spect as dry mines and wet mines. In wet mines there is no trouble 
at all about the moisture proposition and dust proposition. The dry 
mines are the ones that offer the problem, and they are in the 
majority. 
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That is due in a measure to the fact that the rock is not moist 
and there is not a moist surface present all the time. In the dry mine 
if air is introduced of a higher dew point than the temperature of 
the earth, which we cannot change by ventilation to any great 
extent on account of the small heat capacity of the air relative to 
the heat capacity of the earth, the moisture would precipitate itself. 
It does that in moist days. That merely means the dew point of the 
air is below the temperature of that mine and the surfaces dry oflF 
where the rocks contain no moisture in themselves. 

E. S. Hallett : The mines that have explosions are very largely 
dry mines. About St. Louis the Illinois mines are dry, and they 
had some disastrous explosions over there a few years ago, and 
they had drastic laws made in Illinois in regard to those things. The 
operators complained very greatly of the expense, that they were 
nearly broken up by the enormous amount of expense they have had 
in complying with the laws of Illinois in safeguarding those mines, 
but they are apparently now on a safe basis as to the ventilation 
and water supply. They are all piped up just like a house as re- 
quired by law in, that State. But it is not possible by any system of 
ventilation to change the temperature of the interior of a mine to 
any great extent. One of the most curious incidents is in two shafts 
connected together on the same level, with a natural ventilation, 
causing complete circulation, when once started. 

One of those mines has been abandoned with those shafts in 
working order, that is, the shafts were open and the air circulation 
continued right along, winter and summer. The cross-connection 
drift between them 400 ft. down was full of ice due to the conden- 
sation from this air that was passing through. It accumulated dur- 
ing the winter and there wasn't heat enough getting through there 
to melt it out, and so it just remained, a permanent block of ice. 

Theodore Weinshank: A statement was made at the meeting 
that they can control the humidity of the air in the summer better 
than they can in the winter, by using natural ventilation. This, I 
explained, is due to the fact that the warm air entering the mine 
and the cooler strata will condense the moisture in the air and thus 
deposit a certain amount of moisture on the walls and roof. 

The explosions so far recorded have occurred for the most part 
dnrinP' the winter, whirh is another nroof of the moisture, as the' 
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I expressed hope that the incoming President would appoint a 
committee on the Investigation of Mine Ventilation. Cost should 
not be taken into consideration. If we can save 20 or 30 lives every 
year now lost on account of explosions, the expenditure of $120,000 
or even $200,000 to properly ventilate a mine would be well invested. 

The President : In Scotland the same conditions prevail as be- 
tween the wet and dry mines here. The first four plants that we 
equipped over there were dry mines. They were in a district where 
every one had had explosions before, and two of the plants that we 
equipped blew up not very long after we had our apparatus in. So 
we began to analyze this thing and we found out what was the 
matter. And I don't think a plant put in by us in the last nine 
years, has had an explosion in it. Explosions in mines can to a 
very large extent be prevented by the education of the operator 
as to the lines on which to circulate air. Some may be due to the 
circulation, that has caused an undue amount of dust in that sec- 
tion, and if spontaneous combustion takes place, firedamp, it is 
gone. Those things can't be helped unless the people are educated ; 
and they gradually are getting methods of inspection and making 
suitable provision for seeing that the circulation is constantly kept 
up, which helps. 

When we talk about moistening a mine, I don't know how many 
realize what moistening a mine means. We have put in equipment 
where they handled 1,250,000 cu. ft. of air a minute, and it requires 
a 1500 h.p. motor to operate it. The shaft of the fan alone weighed 
5 tons. When we come to handle that amount of air and moisten 
that, it is going to cost in the neighborhood of several thousand 
dollars a day and you can't interest them in it when they can get 
by without it. 

One of the other factors that enter into this is sometimes to the 
advantage of one who is trying to do a good job of ventilation in a 
mine, and sometimes decidedly the opposite, and that is that all those 
ventilation laws are bound up locally, and you have got to come 
within certain prescribed limits. Once in a while those limits are 
just as much too low as they used to be altogether too high in the 
estimation of the operator when they first went into effect. The 
velocity through a passageway or an air channel, through a wicket, 
or whatever provision is made for it, has a great deal to do with 
the results that you get as to comfort, as to how dry the place 
may be, etc. If there is a branch that shoots off from the main tun- 
nel there may be two men working there and one mule, and you only 
have about 600 cu. ft. a minute going in there. That is not enough 
in some cases ; it depends altogether on what size the vein is. In a 
similar case you may have 12 men up in there and you may have 
a whole train of mules working back and forth together with those 
people. There the velocity is so high that you would have to have 
an enormous amount of water going in to get that condition of air. 
Those are all conditions arising in mine ventilation. 
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W. H. Carrier : In reference to the question of cost, I think the 
biggest item probably is the first cost of installation, doing the thing 
as it should be done. I think some computations have been made of 
the exhaust that is available from one of the big fans. Of course, 
that is only a small item of the whole thing, but with the exhaust 
of the entire system, a large amount of live steam would have to be 
added to maintain summer conditions." For the greater part of the 
low dewpoint season the cost would not be very excessive, when 
they are getting thie coal out of the mine ; but it is the first cost that i^ 
the big stumbling block. 
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No. 509 

TOPICAL DISCUSSION 

CLEAN-OUT OPENINGS IN HEATING BOILERS 



James A. Donnelly: I will try to give my experience and the 
reason why I have been doing, something along this line. A good 
many years ago when we got a plant that didn't work very well, 
whether it was a one pipe steam plant or two or three pipe, we used 
to put in equalizing pipes, or put in special drips, and the water 
would leave the boiler. .We called in a lot of other men, and would 
install various other connections in the way of piping. I don't know 
whether the steamfitters are using any different compounds for 
making joints than they used to. They are accusing the steam boiler 
concerns of using much different core mixtures than they used to. 
They say they used to use molasses and now they accuse them of 
using tarvia, that they manufacture roads with. I don't know 
what they are using, but we are getting an awful mess in the boilers 
and pipes that come from the factory, with the fish oil, the scale, 
carbon, core mixture, sand, and little pieces of iron and the stuff the 
steamfitter takes in and the mortar the pla$terer drops, so that it is 
an awful mess in the boiler. I have had men put into a boiler 
everything from a gallon of vinegar to a quart of muriatic acid. 

Around four or five years ago I started three of my men in com- 
petition in cleaning out boilers, and we raised the safety valve and 
put a connection from the top and began boiling them off. They 
stuck the pipe out of a window, or to a sink drain and added water at 
the bottom and let it boil off at the top; we don't have to fill a 
boiler full to boil it off. I have done that to a boiler as many as 
six times and still found a lot of dirt. 

We have always tried to get into the bottom of the boiler. It has 
some large plugs and some large bushings where the connections 
were in. Finally, in desperation, on a railroad job, we disconnected 
all the piping and took out all the bushings and then we found what 
had been causing all the trouble was 6 in. of mud. In spite of the 
fact that low pressure boilers work under different conditions from 

Presented at Annual Meeting of The American Society of Heating and 
Ventilating Engineers, New York, January, 1919. 
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high pressure, there were fully 6 in. of mud in the bottom of that 
boiler, which had been in use five years. 

The same thing is true with two boilers in a battery, only more 
so. We all know the trouble we have when we have two or three 
boilers hooked up and nm them on the same water line. Occa- 
sionally we find two boilers of different sizes running in line. One 
of the best remedies I have found on a round boiler is to tap the 
boiler right on the water line and run a horizontal pipe to the tap 
in the other boiler. Then when the water in one boiler gets higher 
than the other it runs across from one steam dome to the other ; it 
is an overflow from one boiler to the other. 

We also tried to get out some standard clauses for specifications. 
In going to the architect or engineer and asking him for two clean- 
out openings in a1)oiler, so as to give the boiler a frequent cleaning, it 
is not surprising he agreed to do it. I have never had an architect 
or engineer refuse. It does not look like a serious matter to him to 
have two openings in the bottom of a boiler. It is in the specifica- 
tions. Then ask him to put a clause in the specifications calling for 
a surface blow-out through a T belew the safety valve or an open- 
ing in the top of the boiler, put a valve in the pipe and leave it there. 
No difficulty in getting them to do this. The difficulty comes with 
the boiler manufacturer to provide those openings because he 
thinks in larger terms. He thinks of 20 or 50 or 50.000 boilers that 
he makes in a year and making those 2 in. openings in the bottom. 

I think the same way. I don't want to have to stop and talk it 
over before they arc put in by the boiler manufacturer. But take 
the man who sends out men to clean boilers and gets steamfitters 
to clean them. I have steamfitters who I know are putting in special 
systems, so-called vapor systems, or low pressure or return .systems, 
gravity systems, who keep flexible hose and tees and bushings on 
hand to send out for these boiler contracts. Some of them have 
special mixtures for putting in the boiler. On account of the dif- 
ficulty of piping special mixtures into a boiler, I do not think there 
is anything as good as hot water and boiling it up until it is clean. 
It may be all right to put an acid in or a soap compound, or some- 
thing of that nature, but you have got to get them out as well; for 
I don't think there are any of them but will cause priming. With 
such a process, it is necessary to make one or two cleanings of the 
boiler. 

Now I have had men of twenty or thirty years' experience who 
have said to me, "I feel ashamed of myself, to think of the money I 
have wasted in putting in funny things in piping, when it is only 
dirty water, during my practice of ten or fifteen years.'* I often 
make the statement that I think one of the basic facts of good 
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out. We cleaned it, and the night before I left, instead of being 
unable to heat two-thirds of the plant, as formerly, they were able 
to circulate it all. 

So I have made a request, and have gone to some of the boiler 
manufacturers. If there is anything that needs modifying the 
A. S. M. E. Boiler Code will modify it rightly and will, I think, see 
it succeed; because all things that start among our people succeed 
and starting this among the mechanical or heating engineers will 
succeed. I would like to have added to that Mechanical Engineeers' 
code or any code we have, a reasonable request that they clean out 
the inside of the boiler and provide something to clean it out with. 

Now I do not care how little water we add, we do need to have 
an opening, the equivalent of a small hand opening, in my opinion, 
in the bottom of a boiler, and we do need a surface blow. It has 
been written over and over again in trade papers that you would find 
it the secret of success in boiling and cleaning out. It is surprising 
that men fought it. Therefore, in recommending these clean-outs, 
I would like to hear some discussion on it, and I would like to see 
some move towards the adoption of the clean-out. 

P. J. Dougherty : I agree with Mr. Donnelly in what he said in 
reference to the importance of thoroughly cleaning out a heating 
boiler, after it is installed. There is bound to be trouble in getting 
up steam, unless the steamfitter thoroughly removes all foreign 
matter from the heating system, such as oil, grease, sand, etc. It is 
customary to clean out a heating system by means of a strong 
alkali boiled for a time in the boiler and then blown out through 
the blow-oflf or drain connection in the return piping as in a power 
boiler, or else floating the scum and grease out through the pop 
valve connection. No extra openings are required on any low pres- 
sure boiler for such purpose. Instead of using the pop valve some 
round boilers have a plugged opening on the water-line level. 

P. H. Seward: I don't know of ^ny function of this Society 
under which we can make rules or regulations for providing clean- 
outs in boilers. I think it is a function of the man who designs the 
boiler, or installs it. I have always had such provision made in 
specifications when I was in the heating contracting business. They 
are very seldom used, but inasmuch as it is being questioned, I 
might say that I have seen a great many boilers absolutely stopped 
up with sediment, particularly hot water supply boilers, and my 
experience was, that the attendants very rarely used the facilities 
that were provided for cleaning out. I don't think that it is the 
function of this Society to legislate or to even suggest along those 
lines, unless we particularly want to go into the question of how to 
install a so-called heating plant, in the form of a standard specifica- 
tion or something of that kind, which I think is way beyond us. The 
heating contractor who understands his business will naturally 
provide the necessary clean-outs. There is plenty of opportunity for 
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him to do so. It is rather superfluous to add it to the requirements 
from the boiler manufacturers. It is a question that should be en- 
tirely left to the contractor himself, as it would be good practice 
for him to provide clean-outs and he probably would do so. 
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No. 510 

CODE FOR TESTING LOW PRESSURE HEATING 

BOILERS 

Revision of 1919 

The Code for testing lozv pressure heating boilers, 
ivhich has been in existence throughout 1918, was ac- 
cepted by the Society at the Annual Meeting of January, 
1918, as the report of the Committee appointed to for- 
mulate it. It was accepted at that Meeting, hoivever, zvith 
the protnsion that at the follounng Annual Meeting it 
should be again submitted for discussion, in order to 
determine zvhether there were any revisions necessary or 
desirable. The Code was, accordingly, Submitted at this 
Meeting for general discussion, upon the basis of the form 
accepted in 1918, zvhich was published in the April, 1918, 
issue of the Journal, pages 519 to 522. There were also 
distributed, for the information of the Meeting, copies of 
written comments upon the 1918 Code by Professor L. P. 
Breckenridge and P. J. Dougherty. The discussion was 
opened, in the absence of the Chairman of the Committee, 
Mr. Homer Addams, by Professor John R. Allen, who 
presented the following report of revisions by the Com- 
fpiittee, based on its investigations during the past year: 

CopK FOR CONDUCTING EVAPORATIVE PERFORMANCE TESTS 
ON LOW PRESSURE HEATING BOILERS 

APPARATUS AND INSTRUMENTS 

M^(»wf ^^vatter tanks may be calibrated or mounted on tested weighing scales, 
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the boiler as possible. The piping between this separator and the boiler, also 
the separator itself, shall be thoroughly covered with insulating material. 

Boiler surfaces which are designed to be covered shall be insulated with 
1% in. of asbestos plastic cement or its equivalent. 

Gas analysis shall be determined by means of an Orsat apparatus. If 
recording carbon dioxide (COa) instruments are provided, they shall be 
checked every hour with the Orsat. 

Smoke observations shall be determined by means of a Ringlemann chart. 

Weather bureau reports from immediate vicinity may be used to determine 
atmospheric conditions. When such reports are not available, a sling psy- 
chrometer shall be used for determining relative humidity and a calibrated 
aneroid barometer or mercury column shall be used for determining baro- 
metric pressure. 

Steam pressure shall be determined by a calibrated steam gage or by a 
mercury column. 

A log of the test shall be kept on record sheets similar to those provided by 
this Code. 

RULES FOR CONDUCTING EVAPORATIVE TEST 

The primary object of the test is to determine the number of pounds of 
water evaporated per pound of dry fuel consumed. All measurements and 
readings should be taken with this object in view. 

Boiler shall be carefully set and connected with a short, straight smoke- 
pipe to a chimney flue of suitable size and height to give proper draft. 
Chimney shall be tested for air leakage. Boiler shall be made smoke and gas 
tight and the gas passages properly cemented. 

The water spaces of the boiler shall be thoroughly boiled out with a solu- 
tion of sal soda, potassium hydrate or sodium hydrate and then thoroughly 
rinsed with clean water. 

The heating surface, firebox, and ashpit shall be clean and free from soot, 
ashes and dust at beginning of test, 

The piping shall be connected in such a way that the steam may be carried 
to a point away from the boiler and piping shall be arranged so that its 
condensation may not flow back to the boiler. 

A pipe connected to the bottom of the steam separator shall be provided 
with a positive seal. The water shall be drained from the separator hourly 
and weighed immediately. 

The water shall be fed to the boiler continuously through suitable piping 
with all necessary valves, thermometer cups and connections so that the 
amount and temperature of water fed to the boiler can be determined at 
any time. 

There shall be three draft gages so arranged as to determine pressure loss 
in the ashpit, pressure loss through the fuel bed, and pressure loss between 
firebox and smokehood. 

atmospheric TEST 

The steam delivery pipe shall be open to the atmosphere. 



pressure test 

The boiler pressure shall not exceed 8 lb. and the steam shall discharge 
through a suitable reducing valve into a chamber where a uniform nressure ^^ 
two (2^ nniinds shall ho fr"* 
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method of starting and stopping test 

The new fire method of starting and stopping test may be used on boilers 
having a fuel capacity of 15 cu. ft. or less from grate to center of fire door, 
when anthracite coal is used as fuel. 

Boilers having a fuel capacity greater than 15 cu. ft. when using anthra- 
cite coal shall be tested by the Continuous I'^iring Method. All tests using 
bituminous coal shall be conducted by the Continuous Firing Method: 

NEW fire method 

Starting and Stopping. — A preliminary fire shall be made and the boiler 
operated under test conditions for at least one hour before starting the test. 
The preliminary fire shall then be dumped, the ashpit thoroughly cleaned and 
dried wood placed on the grate and kindled. The test shall be considered 
started at the time of firing the charge of wood. On this charge of wood 
fuel shall be placed. The wood shall be considered as having a heating value 
equal to 40 per cent of that of an equal weight of coal. The height of water 
line in gage glass shall be noted and recorded at the time preliminary fire 
is dumped. The water level shall be kept at this level as nearly as possible 
throughout the test and must stand at this same height when the test closes. 
At the end of test the fire shall be dumped. The residual fire when dumped 
shall be placed in tightly covered cans, weighed and left to cool. After cool- 
ing the unburned fuel and ash shall be separated, and the weight of unburned 
fiiel subtracted from total fuel charged. The remaining refuse shall be 
weighed and recorded as ash. 

CONTINUOUS FIRING METHOD 

Starting and Stopping. — A preliminary fire shall be made and the boiler 
operated under test conditions for at least one hour before starting the test. 

The fire shall then be burned low, thoroughly cleaned and the remaining 
live fuel spread evenly over the grate as the foundation for the first test 
fuel charge. The thickness of the fuel shall be quickly estimated or 
measured. The height of water line in gage glass shall be noted and 
recorded. The time of these observations shall be considered the start of 
the test. A weighed charge of fuel shall then be fired. The ashpit shall be 
thoroughly cleaned and the test allowed to proceed. 

A constant water level shall be maintained throughout the test. 

At the end of test the fire should be burned low and cleaned so as to leave 
the same amount of live fuel on grate as at the start. When this condition 
is reached and the water level is at the same height as at start, record the 
time and this time shall be the time of stopping. The contents of the 
ashpit shall be rfemoved, placed in air tight cans, weighed and left to cool. 
The boiler shall be charged with all fuel fired during test. 

GENERAL 

The actual evaporation shall be considered the total water fed to the boiler 
less water removed from steam by separator. 

During the progress of the test, regular samples shall be taken from the 
fuel charge and after quartering, sufficient sample shall be retained to fill 
two one-pint glass jars or other tight vessels. • 

These samples shall be preserved for subsequent determinations of moisture, 
calorific value, and chemical composition. 

'The residue taken from the ashpit shall be reduced by quartering to a 
quantity sufficient to fill two one-pint jars or other air tight vessels for sub- 
sequent chemical analysis. 

records 

Records of data shall be obtained as pointed out in the appended log 
sheet. Half hourly readings are usually sufficient. If there are sudden or 
wide fluctuations, the readings in such cases shall be taken every fifteen 
minutes or oftener. 
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REPORT FORM FOR TEST OF LOW PRESSURE 
HEATING BOILER 

1 . — Name and catalogue rating 

2. — Grate surface ; width , length , area 

3. — Date of test No. of test 

4. — Normal operating liring perio<ls 

5. — Duration of test 

6. — Times fired 

7. — Longest interval between liring 

8. — Fuel, name Size 

9. — Fuel, calorific value 

10. — Fuel capacity pounds , 

11. — Fuel available (less re-kindling reserve) 

12. — Fuel available. Time will last, hours 

13. — Fuel weight as fired, lb 

14. — Fuel moisture, per cent •. 

15. — Fuel weight fired, less moisture, 11). = (13)-(14) 

16.— Fuel weight unburned (including. . lb. recovered from ash pit) . . lb. 

17._Fuel burned in test, lb. = (15)-(16) 

18. — Fuel burned per hour, lb 

19. — Fuel burned per sq. ft. grate per hour, lb 

20.— Ashes, lb 

21.— Clinker, lb 

22.— Combustible, per hour, lb 

23. — Temperature, steam or flow, fahr 

24. — Temperature, feed water or return, fahr 

25. — Temperature, gases leaving boiler 

26. — Temperature boiler room 

27. — Temperature outside air 

28. — Draft intensity in smoke pipe 

29.— Draft intensity over fire 1 

30. — Draft intensity in ash pit '. . 

31. — Friction loss through flue 

32. — Friction loss through fuel 

33. — Friction loss through inlet 

34.— Steam pressure in boiler by gage 

35. — Steam pressure in receiver by gage , 

36. — Percentage of moisture in steam 

yj. — Percentage of CO* in escaping gases per cent. 

38. — Weight of water fed to boiler 

39. — Weight of water evaporated, corrected for moisture in steam 

40. — Equivalent evaporation from and at 212 degrees = (39) x total heat in 

steam above feed temp. ^ 970 

41. — Evaporation per hour of test 

42. — Evaporation per lb. of coal as Imrned = (41) -^ (18) 

43. — Evaporation per lb. of /combusti])le = (41 ) -^- (22) 

44.— Capacity, total available B.t.u. = (41) x total heat above feed temp. 

45. — ^Capacity per hour, B.t.u 

46.— Capacity per sq. ft. radiation = (45) -^240 
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TEST CONDITIONS 
DESCRIPTON OF APPARATUS J- 



CONDITIONS OF OPERATION >• 



TEST CONDUCTED BY^, 
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BOILER TEST LOG 

CONDUCTED AT 

DATE 

TO DETERMINE ^. - 

MAKE OF BOILER _ TEST NO 

SIZE AND TYPE ^ SHEET Na 

BOILER DATA 

LENGTH OF FIRE BOX INS 

WIDTH...».'..«.»! !! INS 

DEPTH...11 !1 1*. _INS.-CGRATE TO CENTER Of FIRE DOOR) 

FUEL CAPACITY. ^ -CUFIC " »* •» »• « »» ) 

FUEL AVAILABLE LBS, C80% FUEL CAPACITY) 

EXTERNAL SURFACE _ SQ.FT (SURFACE USUALLY COVERED) 

MATERIAL THICKNESS.. ~. INSCIF COVERED) 

WATER CAPACITY-.^ _LSa (TO WATER LINE) 

HEIGHT- WATER LINE INS. 

HEIGHT OF CHIMNEY. FTCABOVE GRATE) 

SIZr OF CHIMNEV..... X. INS. DIAMETER -INS. 

AREA OF CHIMNEY. SQ. IN& (ACTUAL) 

CONSTRUCTION ^ _ 

SIZE or SMOKE PIPE X INS DIAMETER INS 

LENGTH J!....»>. ». _ FT. 

NUMBER AND KIND OF BENDS ^ 
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RATING 

The rating as determined by this test shall be calculated by the following 
formula,— CxH 

= Boiler capacity per hour in B.t.u. 

T 
C = Number of pounds of dry fuel consumed (18) 
T = Duration of firing period. 

H = Total B.t.u. available at the boiler outlet per pound of dry fuel as 
shown by test, or (18) x (9) x (48) 

Note. — The length of firing period will depend upon the size of boiler, kind 
of fuel and purpose of test. 
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DISCUSSION 

The President: There have been two other proposed Codes, 
one submitted by one of the members and the other some sug- 
gested modifications in the rules for conducting evaporative tests, 
brought before the Committee. The Committee on Code for Testing 
Low Pressure Heating Boilers, as you know, had some very serious 
ups and downs in its long existence, but it is getting nearer to the 
goal all the time, and so long, as a Committee is doing constructive 
work and making an effort to do something I am always a great 
believer in continuing that Committee until it can complete it. I 
think that this Committee should be encouraged until its work is 
done. 

P. H. Seward : At the. last Annual Meeting the Committee 
brought in a report for a proposed Code for Testing these Low 
Pressure Heating Boilers, and we spent one whole session on the 
subject, as a result of which the Society finally adopted the Code 
and it has since been published in the Journal and has been in more 
or less continuous use, -supposedly, during the past year. At the 
time the Committee reported, it stated very frankly that it was 
not the last word on the subject; in all probability the Code would 
be improved and amended from time to time, and it was put out 
merely because in its judgment it represented the most advanced 
practice and suggestions available at that time, and with the hope 
that when it became used and more or less experimented upon, sug- 
gestions and improvements would be forthcoming which the Com- 
mittee would consider and present at the next Meeting of the So- 
ciety, the Committee being continued for that purpose. 

During the year the Committee has received suggestions from 
members of the Society, and from the Committee members them- 
selves, and in all probability the two most constructive and most 
important are the two that have been mimeographed and presented 
to this Meeting. The Committee received these suggestions, of 
course, gave them consideration, and at a rather extended meeting 
just recently held, it brought out a revision of the Code of last 
year, which revision Prof. Allen has just read to you and which is 
the 1919 report of this Committee. 

The Committee, at the desire of the Society, will be continued 
during the coming year and will go on with its labors to make such 
further improvements or suggestions as may be outlined, and finally 
bring forth a perfect Code which will be acceptable not only to the 
Society but to the entire profession and to the trade. 

Frank K. Chew : I move that the report read by Prof. Allen 
be accepted as the Code for use during 1919. 

John D. Cassell: I second the motion. 
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we had worked it out alone. I suggest, Mr. Chairman, that the 
Committee be empowered to confer with the committee of The 
American Society of Mechanical Rfigineers, Perhaps they can 
further ampHfy the Cmle and if they agree on a method of testing — 
as I understand it this Committee is working on a Code for 
testing house heating boilers only, and that probably refers to what 
we consider today the smaller types of boilers, whether cast-iron or 
steel, primarily for house heating. I most respectfully offer as an 
amendment to that motion that the Committee be requested to con- 
fer with The American Society of Mechanical Engineers and see if 
both Codes cannot be brought to the same conclusion. 

Frank K. Chew: Prof. Breckenridge, of the Mechanical En- 
gineers, made it clear here last year that they had practically left to 
our Society the care of this heating boiler testing Code. There- 
fore, Mr. McKiever's suggestion has already been considered by the 
Mechanical Engineers and it is entirely left to us. They have taken 
care of the power boilers. 

E. S. Hallett: This business of testing boilers is one that has 
been in a state of evolution. It has been a work of progress. The 
mere fact that it has taken a year with a very expert and experi- 
enced Committee deliberating day after day, shows that it is a 
thing that has been evolved with great thought. The report that 
Prof. Allen has just read is the result of the very best thought that 
the world, for that matter, has ever had. We have new things 
coming up for discussion. We have standards that are being de- 
veloped and this is a process of evolution of standards. It is not 
a thing that is struck off at a single blow at all. It is the result of 
growth and of the best thought among our heating men. I think 
that we should approve the report. I do not believe that any mem- 
ber or any group of members of any society on an hour's notice or 
on a day's notice would be able to find a flaw in this, that would 
stand. I think they have considered every possible question that 
has come up. 

Charles F. Newport: I "think the Committee has neglected or 
forgotten to include the method of testing magazine feed boilers. 
This report, as I understand it, apphes to surface, feed boilers. For 
testing magazine feed boilers, particularly in burning the smaller 
sizes of coal, such as pea and buckwheat, I think the running start 
method is the best that can be used under such conditions, inasmuch 
as with our specifications for hard coal, it is almost impossible to 
separate the unburned fuel from the ash, especially if buckwheat 
coal is used. It is also quite difficult with pea coal. I would suggest 
that that method be employed for testing magazine feed boilers; 
that is, the running start or continuous fire method. 

P. J. Dougherty: May I ask one of the members of the Com- 
mittee to briefly state the portions of the Code that have been 
changed, and especially the additions that have been made thereto. 
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Prof. J. R. Allen : The preamble remains the same. Under 
the heading, Apparatus and Instruments, some changes have been 
made. We have made the statement on feed-tanks more explicit. 
The references to different parts of the Code remain practically the 
same. Measurement of gases is exactly the same. The statement of 
steam separators simply is enlarged to include the covering of the 
steam separator and the piping from the steam separator to the 
boiler. 

The gas analysis apparatus remains substantially the same, ex- 
cept the mention regarding the COj apparatus, which is very often 
used in connection with these tests. The original statement said 
nothing about pressure gages. That has been added. It said noth- 
ing about atmospheric conditions, or how they should be deter- 
mined. This provides for their being taken from the weather 
report or determined by aneroid barometer or sling psychrometer. 

Nothing was said about smoke observations. This provides for 
using a chart for smoke observations. 

The statement about log sheets remains substantially about the 
same. 

The statement in regard to object of tests, has simply been 
changed in form, not in substance. 

The statement in regard to setting up of boiler and chimney has 
been elaborated. 

The statement in regard to cleaning out inside the boiler remains 
substantially the same in the two, but this report provides for clean- 
ing the outside surfaces of the boiler from soot and dirt also, which 
was not provided for in the previous report. 

The statement in regard to connecting piping to the boiler is prac- 
tically the same. 

The adjustment of the separator is almost the same, except it pro- 
vides in this report that the condensed water be separated and 
weighed every hour. In the previous report it provided for weigh- 
ing it at the end of the test. 

The clause in regard to the feeding of the water has been slightly 
changed but not in substance. 

The statement in regard to draft gages and their connections has 
only been changed in order to make it clearer in the statement. 

In the previous report it was suggested that the test be made only 
at atmospheric pressure. This report provides for pressure tests 
in addition to the use of atmospheric pressure only in the boiler. 

P. J. Dougherty: Is that optional so that either can be used? 

Prof. J. R. Allen : You can use either method, as you prefer. 
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vided only for the so-called standard method, which we have called 
the new firing method, so as to distinguish it from the other. 
This report provides for that method and also the method of con- 
tinuous firing. Personally, I never test by the new firing method, 
and whether this Society made a report or not, I should always con- 
tinue as before, and Prof. Breckenridge, of Yale, says the same thing. 
That has been his experience. With bituminous coal it is very diffi- 
cult to do otherwise and if you have a magazine-feed boiler you 
c^n't do anything else. You can't use the new firing method with 
the double grate boiler ; so we provided for the continuous method 
of firing, which states as follows: "The new fire shall be made and 
the boiler operated under test conditions for at least one hour before 
starting the test." Now that provision has been put in both forms 
of testing, i. e., of operating the boiler at least one hour at full steam 
conditions before starting; because you can store an appreciable 
arnount of heat in the boiler itself. In a large power boiler the 
brick setting absorbs heat for five or six hours. 

We have added here a method of sampling the ash, and a method 
of sapipling the coal. It is the standard method, with direct quota- 
tions from the A. S. M. E. Power Test Code. And we have added 
a log sheet record, so as to show approximately these quantities, 
and it is proposed, if this form is accepted generally, to prepare log 
sheets. 

We also have a standard form for the test similar to the one that 
now appears, but enlarged. That is, in this log sheet we first put 
the observed quantities and then, following, the computed quantities. 
We have tried to have all the observed quantities given before the 
computed quantities. 

The rating is the same as in the previous report, only re-written 
in better form. Those changes all give the Code a more regular and 
systematic form. 

Charles F. Newport: Is it not a fact that the unburned fuel 
which is subtracted from the total fuel charged, is of less heating 
value than the fuel as charged, the difference being favorable to 
the boiler under test ? 

Prof. J. R. Allen : It is a fact that the unbunied fuel has a 
different value than the fuel as charged, such difference being favor- 
able to the boiler, but as the difference is so small as well as difficult 
to determine that the Committee decided to give both the same value. 

The President: All in favor of the resolution that the report of 
the Committee on Code for Testing Low Pressure Heating Boilers, 
with amendments as recommended, be accepted as the Code of 
the Society for 1919, will signify by saying aye; contrary no. It is 
carried. 



Digitized by 



Google 



Digitized by 



Google 



No. 511 

FUEL CONSERVATION BY MEANS OF AUTO- 
MATIC TEMPERATURE REGULATION 

By F. a. De Boos. Chicago. III. 
Member 

BECAUSE of the great difficulty in mining a sufficient quantity 
of coal for ourselves and our allies, and the greater difficulty 
of transporting it once it has been mined, and also because 
of the greatly increased cost of coal, it is not only highly necessary 
but exceedingly patriotic to conserve coal by any means in our 
power. The problem for the heating and ventilating engineer, there- 
fore, is to devise ways and means whereby the utmost conservation 
of fuel may be effected and still produce a heating plant which is 
adequate for its purpose. The purpose of this paper is to demon- 
strate the fact that the use of automatic temperature regulation not 
only greatly conserves fuel, but also is a benefit to any heating 
system from the standpoint of both efficiency of operation of the 
plant itself and the comfort and efficiency of the people in the 
buildings heated. 

All of us, who are familiar with the difficulties encountered 
in the mining of the greatly increased supply of coal for ourselves 
in this time of great industrial output, and also for our allies under 
the unusual conditions of our present emergency, and also in the 
transportation of all this coal, must realize the fact that in all 
probability we would now be paying prices a great deal higher for 
coal than we are now paying, had the government not assumed 
control, establishing prices and arranging an even distribution 
throughout the United States so that every locality would receive 
its proportionate supply. The mining and transportation difficulties 
in the coal situation, however, are difficulties that will pass 
away in time, but the coal cost problem is one that will re- 
main with us, and judging from the past, will assume greater 
proportions as time goes on. It is perhaps reasonable to assume 
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that after^ the war, coal prices will come down, but this would 
necessitate a reduction in freight rates, a reduction in wages to the 
miners, and a continuation of the even distribution of coal through- 
out the United States, which is difficult to obtain without a central- 
ized board with governmental authority. It also necessitates the 
continuing in effect of cash purchases, local zone deliveries from 
yards most accessible, and numerous other like methods which 
were not in effect during the pre-war times. If one studies the 
coal situation at length he will no doubt arrive at the conclusion 
that the cost of coal will not be reduced to any considerable extent 
after the war but in fact it will no doubt increase. There may be a 
falling off in prices right at first, but in the writer's opinion this will 
be met with a corresponding rise and gradually increasing prices 
year by year as time goes on. 

A study of coal prices made a year or so ago showed from the 
investigations made by the U. S. Department of Labor, that in the 
fifteen year period from 1900 to 1914, anthracite coal had risen in 
price wholesale from 33.4 per cent for stove to 47.8 per cent for 
chestnut ; bituminous coal, wholesale, 30 per cent, and semi-bitumi- 
nous, wholesale, 68.7 per cent. In the next two years, the wholesale 
prices of these various grades of coal rose from 10 to 250 per cent. 
The retail prices in many localities ran even higher. 

Coal cost figures submitted from 24 leading colleges and cities, 
each of which purchased from 4,000 to 150,000 tons of coal annually 
and covering the five year period, 1914 to 1918 inclusive, show per 
rentage increases all the way from a minimum of 33 to 185 per 
cent maximum; the average increase for all of them was 99.6 per 
cent. In reality, the cost was higher than the figures show, for 
many institutions purchased inferior grades of coal, which they got 
at a cheaper price but necessarily burned more of, while many of 
them stated that the coal when bought of the same nominal grade 
as formerly, showed much more slack, slate and unburnable matter. 
It was extremely rare to find any of the institutions able to pur- 
chase coal on an analysis test, as had been done in previous years. 

The foregoing coal data and discussion is given for the reason 
that the engineer or owner of a heating plant must of course propor- 
tion hiq rost nf imnrovements for niant efficiencv and coal conserva- 
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principles. This leads us to the discussion of automatic temperature 
regulation systems ])reviously referred to. 

Automatic temperature control or heat regulation apparatus 
must inherently conserve fuel as the very purpose of the equipment 
is to prevent overheating. We must take it as axiomatic that the 
higher the temperature is raised in a building the more fuel will 
be required — that if we reduce the temperature, we save fuel. 
Therefore, any apparatus that will prevent unnecessary temperature 
increase in a building, must conserve heat; this, of course, is the 
function of automatic temperature regulation. It is well to ascer- 
tain, however, how much heat will be conserved under ordinary 
conditions, and also to inquire into applications of temperature con- 
trol systems to heating plants so that the greatest possible fuel 
economy will be effected. 

In any heating system, properly designed and installed, two 
facts stand out prominently. One is that the plant is of sufficient 
capacity to heat the building adequately in the most severe winter 
conditions ordinarily encountered ; the other is that some rooms 
and some parts of the building are always slower and more difficult 
to heat than are thfe other parts. 

Referring to the first, we find that the real severe "cold s[^lls" 
are generally of short duration and therefore the heating plant which 
is so designed as to adequately meet these conditions, must be very 
much over the capacity required during average winter conditions. 
This means then that during the greater part of the heating season, 
in hand or manually controlled plants, the rooms are heated to a 
higher temperature than is required, windows are opened for relief, 
and much fuel is wasted in consequence. Where the heating system 
is automatically controlled, however, no heat is wasted, and the work- 
ing output of the heating plant is maintained at just the proper 
capacity to take care of the heating load. At the University of 
Illinois it was found they could save 17 per cent of the steam by 
maintaining the room temperatures at 70 deg. rather than at 75 
deg. fahr. 



^^1^.^ ^C ...*^^1^...«. ^«i«*i«^rr 4-V»rt V»*»o4-inrr oc 



ic e\^-\Ck r\\ 



Digitized by 



Google 



156 Transactions of Am. Soc. of Heat. & Vent. Enqneers 

windows do not need to be opened to obtain it. When windows are 
opened the radiator valves are in general neater shut off, thus caus- 
ing increased heat loss. 

Where mechanical or fan blast systems of heating are used, and 
the building is heated entirely by warmed air, the opening of win- 
dows so disturbs the balance of the system, that it is now quite unu- 
sual to find such an installation made without automatic temperature 
control being applied. The warmed air is delivered to the rooms 
through ducts under pressure of the fan. If a window is opened, 
the air pressure resistance in that particular room is lessened, as the 
open window offers an easier outlet for the air. More air rushes 
into the room in consequence and it becomes more difficult, of course, 
to force the remaining air in the ducts to other rooms where greater 
resistance is offered to its passage. 

The other fact mentioned in connection with heating systems (that 
is, certain rooms are always slower and harder to heat than others) 
is a very important one as far as the application of automatic 
temperature controlling apparatus is concerned. With the hand or 
manual controlled plant, the rooms easy to heat are most generally 
overheated, either because, as in the mornings, they are not occupied, 
or if occupied, the occupant permits the overheating or is not aware 
of it till it reaches a disagreeable point. The boiler must therefore be 
fired longer and at a higher rate of forcing to heat the remote cor- 
ners of the building, than would be the case if the heat produced at 
the boiler were distributed evenly and uniformly to each of the 
rooms throughout the entire building. This is, of course, accom- 
pli^-ihed by automatic temperature control apparatus, and this fact 
alone, makes for fuel economy regardless of the fuel saving result- 
ing from not overheating the rooms, as it permits the boiler to be 
operated at a more steady and uniform rate, which makes for 
greater efficiency. 

From tests made and described in Vol. XXIII, 1917, Transactions 
of The American Society of Heating. and Ventilating Engi- 
neers, it was shown that where diaphragm valves were under control 
of thermostats, thev '' ' - ' - ' ^ -^ -_— — ! — ..i„ 
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and the other under thermostatic control, both buildings being of 
about equal size and construction, and it was shown that as the 
weather moderated outside, the thermostatically-controlled plant re- 
sponded in direct proportion, the condensation falling with the ris- 
ing outdoor temperature, as should of course be the case. The other 
building, however, showed a very small drop in the condensation 
rate regardless 9f the rising outdoor temperature. In actual figures, 
the outdoor temperature was 28 deg. at 8 :00 A. M. the day of the 
test, and at 4.00 P. M. it had risen to 48 deg. at a very urtiform rate. 
The condensation rate in pounds of water per minute in the hand- 
controlled plant at 8:00 A. M. was 68, as compared to 44 lb. in 
the thermostatically-controlled plant. At 4 :00 P. M. the condensa- 
tion rate in pounds per minute in the hand-controlled plant was 55, 
a decrease of only 13 lb. per minute, while in the thermostatically- 
controlled plant at 4 :00 P. M. the rate was 18 lb. per minute, a de- 
crease of 26 lb. per minute from the rate at 8:00 A. M. This 
test in all its phases is of high importance in showing not only 
the great fuel economy of thermostatic regulation, but also in demon- 
strating the increase in plant efficiency. Also with the proper room 
temperature maintained automatically in the rooms, the occupants 
should of course enjoy greater health, comfort and efficiency. 

The Miller Paine Company, at Lincoln, Neb., altered and added 
to a group of three buildings which were heated by a central station 
plant, the heating being paid for on a condensation basis. The re- 
modeling and improvements resulted in an increase of 300 per cent 
in their radiation and of over 200 per cent in the square feet of floor 
space. Automatic temperature regulation was installed with the 
other improvements, and it was found the fuel cost was only in- 
creased 35 per cent, where they estimated the increase would be 
from 200 to 300 per cent, judging from the previous operation of 
the old hand-controlled plant. The third year of operation of the 
plant, on account of increase in heating rates, the temperatures were 
reduced from 2 to 4 deg., and this resulted in still further fuel 
savings of approximately 10 per cent. 

Thermostats placed in the street cars at Chicago showed a saving 
of over 50 per cent in the current previously required for the cars 
under the old hand-controlled conditions. 

Mr. WiTi. G. Boyle, chief engineer of the Oliver Estate, Pitts- 
burgh, Pa., after a careful investigation determined that in a hand- 
controlled building the yearly cost of operating the heating system, 
including cost of coal, hauling of ashes, water, firemen's services 
and minor repairs, amounted to 45c per sq. ft. of radiation, while 
for a thermostatically-controlled plant of approximately the same 
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size and operated under exactly the same conditions, the cost was 
3Cc per sq ft., or 20 per cent less. In this particular case it was 
found advisable to equip the hand-controlled plant with tempera- 
ture control as the saving in fuel would pay for the apparatus in 
five years' time. 

Two buildings at Pittsburgh, Pa., of approximately the same size 
and construction, one containing 20,384 sq. ft. of radiation, and the 
other 21,000 sq. ft., one hand-controlled and the other thermo- 
statically-controlled, showed a variation in fuel consumption between 
the two buildings of 50 per cent in favor of the thermostatically- 
controlled plant. 

A number of years ago, the heating plant at the University of 
Michigan became overtaxed, and upon recommendation of their 
engineers, temperature control systems were installed in twelve of 
the older buildings (the later newer buildings all having been pre- 
viously equipped), and the resultant fuel saving was sufficient to 
carry the load for several years without increasing the size of the 
central heating plant. 

These incidents are only a few taken from a large mass of similiar 
data. The leading heat regulation companies have so improved their 
apparatus in the past few years especially, that with the modern 
system the upkeep expense will not average over 2 to 5 per cent per 
year as a maximum. The systems have been simplified and made 
all metal throughout, and in fact this branch of the heating and ven- 
tilation business has kept fully abreast of the many other far reach- 
ing advances which have so revolutionized the business in the past 
dozen years or so. 

There are ways, of course, in applying automatic temperature 
control systems so that the greatest fuel economy and 'utmost plant 
efficiency arc accomplished. A few suggestions follow: 

1. Equip all heat sources with automatic control; radiators in 
hallways and vestibules are hardly ever shut off by hand and their 
peculiar location under this condition makes them great fuel wasters. 

2. Control direct heating systems, as \vell as fan or mechanical 
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j)arts oi the buildings so that heat may be shut off from these rooms 
when not in use. 

4. Control risers by placing diaphragm valves with switch lines 
to a convenient point so that radiation may be shut off in any part 
of the building not being used ; with most schools, it is necessary to 
heat the entire building, when at night it may be only the auditorium 
or gymnasium that is to be used. 

5. The air mains for the temperature controlling system may be 
arranged in circuits so that the heat may be cut off various parts of 
the building by simply shutting off the air from the thermostats ; 
this hjls some advantage over riser control in that it is not necessary 
to make special runs of the steam mains. 

6. Where thermostatic control is used the radiation units may be 
increased considerably in size, necessitating fewer units, risers, etc. ; 
this arrangement will often effect sufficient saving to pay for a con- 
siderable part of the control apparatus — it is particularly suitable for 
factory installations where extremely. close control of the tempera- 
ture is not so essential. 

7. Special control devices in factories not only afford considerable 
fuel saving but result in a better product in that it permits same to be 
made under more uniform conditions; it also avoids loss of product 
due to excessive temperatures. 

DISCUSSION 

H. L. Williams: The paper goes into this matter very thor- 
oughly, but I think the author stops at the wrong point, in that he 
neglects the control of the human element. It has been my experi- 
ence that while the thermostat system was cutting off the heat the 
janitor kept on firing the boiler just the same, for the reason that 
he didn't take interest enough to go up and see what the results 
really were. 

The most successful installation that I have ever had in that 
respect was where I had an indicating system besides the thermo- 
stat system, so that the janitor could tell in a moment what the 
real temperature of the room was. In that case I got the most 
economic results. I think that should have been added to the paper, 
because my own experience teaches me that that is very important. 

Perry West: I am a great believer in and an advocate of auto- 
matic temperature control and I do not w ish to have what I am about 
to say misconstrued so as to place me on the opposite side of this 
question. The difficulty with temperature control, however, as I 
see it from my own experience and from the experience of others, is 
that we do not get the results with this apparatus which should be 
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gotten. This is due to two important reasons. One is that 
too much of the apparatus installed will not hold its adjustment 
and function properly. The other is that practically all of our auto- 
matic control is based upon the dry bulb temperature without the 
use of proper air conditioning apparatus and control. 

The first of these difficulties is of course a matter for the manu- 
facturers of this class of apparatus to correct. The second diffi- 
culty can only be corrected by better understanding and cooperation 
between the engineers, the operators and the users of this apparatus. 

It seems to me that we have all clung long enough to the fallacy 
of trying to maintain a constant dry bulb temperature and to per- 
suade the occupants that they should be comfortable under such 
conditions regardless of the other two important comfort factors, 
i.e., relative humidity and air motion. 

We all know that our standard temperature of 67 degrees is per- 
fectly comfortable with the relative humidity of about 60 per cent 
and a very low air motion. This condition may obtain in a home 
where sufficient moisture is evaporated or even in, the class-room of 
a school building where there is no mechanical ventilation. As sooji, 
however, as we introduce mechanical ventilation and get such a 
rapid change of air, the relative humidity goes down on a cold winter 
day to about 20 per cent and with the additional air motion the 
occupants will not be comfortable in a temperature much under 
80 deg. 

Still we insist on maintaining the temperature at 67 deg. and on 
persuading the occupants that they must be comfortable under 
these conditions. As a result the occupants conclude that there must 
be something the matter with the thermometer or the temperature 
control apparatus and very frequently tamper with this apparatus in 
an effort to bring about comfortable conditions. This continual 
tampering with the apparatus we must admit is responsible for some 
of the difficulty charged against the improper functioning of the 
apparatus itself, but between the two things it is generally almost 
impossible to determine which is to blame. 

The only way to correct these two difficulties is for the manufac- 
turers and the engineers to unite in a determination to eliminate these 
two very important detrimental factors. I should like to leave this 
thought with the members for their careful consideration. We must 
realize that no undertaking is better than the usual every-day results 
which it will produce and that in the case of automatic temperature 
control, these results depend as much upon the operator and the 
user of the apparatus as they do upon the apparatus itself. When 
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told us so much all at once in his paper on the synthetic air chart 
that we do not grasp all that there is in it. I told him to separate 
that into about five parts and give us each part separately, which I 
think he will do. Jle is carrying on experiments all the time. He 
has demonstrated quite conclusively by some exhaustive experi- 
ments that he has been carrying on, that with a dry-bulb temperature 
of say 70 deg. and with a wet-bulb temperature of GGyi deg., which 
would be, as I remember, about 45 per cent relative humidity, a 
variation of J^ deg. up or down from that 66^ deg. wet-bulb either 
makes a person uncomfortably warm or uncomfortably cold with 
that dry-bulb temperature; whereas if we will hold the wet-bulb 
temperature constant at 56^ deg. we can vary that temperature 
8 deg. below and 14 above 70 deg. dry-bulb and not feel the same 
amount of discomfort as from a slight variation in the dry-bulb 
temperature with the higher wet-bulb reading. I think it is nearly 
two hundred years ago that the wet-bulb temperature was first 
brought to the attention of people by some scientist in England as 
being the correct way of measuring temperature. We knew of it 
and yet did not take any action, and I think this Society should do 
something along that Hne. 

The Author: With reference to remarks of Mr. Williams, 
would state that where a steam boiler is used and the heat is shut 
oflf by the thermostat system, the pressure on the boiler would go 
up and the damper regulator would check the draft. 

With a furnace system of heating, the damper motors actuating 
the dampers would themselves indicate w^hether or not the building 
had become sufficiently heated. Therefore, I do not believe a sep- 
arate indicating system would be necessary except in special cases. 

With reference to the remarks of Mr. Perry West, I think, of 
course, automatic humidity control should be used and it can be 
easily applied to a blast system of heating. With direct steam or hot 
water heat, it is more difficult to apply automatic humidity control. 
With such heating systems, there is not a great deal of variation in 
the indoor humidity. As a matter of fact, it is impossible to have 
a humidity as high as 60 per cent without producing an excess mois- 
ture deposit on the windows, and with an indoor humidity of 25 per 
cent to 40 per cent, which ordinarily obtain with such heating sys- 
tems, there is not a great deal of difTerence between the dry bulb 
and wet bulb temperatures. 
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No. 512 

REPORT OF COMMITTEE ON AUTOMATIC 
HEAT CONTROL 

To The American Society of Heating and Ventilating 
Engineers : 

The purpose of this report is to discuss automatic temperature 
regulation, particularly in its effect upon fuel conservation. 

There are many appliances on the market for securing automatic 
temperature regulation. There are a 'number of substantial and 
well established firms having representatives in principal cities, who 
make a business of manufacturing and installing these devices. We 
may state, therefore, that automatic temperature regulation is a 
commercial success, and that the various methods of securing it 
are effective in the particular field for which each was designed. It 
is believed unnecessary in this report to describe the mechanism. 

temperature regulation inherently economical 

All devices for automatic temperature regjulation are and must 
lie devices making for economy of fuel, since they shut off the heat 
supply whenever the desired temperature has been attained, turning 
the heat on again only when the temperature drops below the 
desired point. 

at the usual outside temperature, all successful heating 
systems have excess capacity 

The human mechanism can flourish within a very close tempera- 
ture range only. It is necessary, therefore, during about two-thirds 
of every human life, for that life to be carried on either within 
artifidally heated spaces or within unusually heavy wearing apparel. 
The artificial heating apparatus must be sufficiently powerful to 
maintain a temperature of around 70 dcg. when the weather outside 
is at its coldest. Since such low outside temperatures exist for a 
comparatively small part of the heating season only (it is below 
zero in this latitude only about 10 per cent of the heating season) 

Presented at tlie Annual Meeting of The American Society of Heating and 
Ventilating Engineeks, New York, January, 1919. 
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it follows that during the balance of the heating season the heating 
apparatus must be operated at less than full capacity. There is thus 
a constant tendency to overheat during mild weather in all classes 
of buildings. 

AUTOMATIC REGULATION OF BODY TEMPERATURE NECESSARY 

The results of overheating on human efficiency and health are 
profound, and within the comfort limits of our normal life, over- 
heating is more common and carries more harmful results by far 
than under-heating. Granting, for instance, that 70 deg. at normal 
humidity is most comfortable, we deteriorate far more rapidly, 
mentally and physically when living in an average of 80 deg. than 
when living in an average of 60 deg. even though the higher tem- 
perature may be compensated for by lower humidity at the high 
temperature, and higher moisture content at the lower temperature. 
The elaborate mechanism for automatic temperature regulation in 
the bodies of mammals and the serious results of very slight failure 
of this regulation to function properly, should indicate the wisdom 
of all practicable exterior measures that we can take to assist. 

AUTOMATIC TE.MPERATURE REGULATION NECESSARY IN ORDER TO 

REALIZE BENEFIT OF HEAT FROM SOURCES INDEPENDENT 

OF HEATING APPARATUS 

In all buildings or enclosed spaces, regardless of outside tempera- 
ture, there will be some heat given off from the bodies of the occu- 
pants, from processes carried on, or from the sun. Unless very 
careful and unremitting attention is given by some person to any 
system of manual temperature control, these additional supplies of 
heat will cause an unnecessary and undesirable temperature increase. 
It is fair to say that the introduction of automatic temperature 
regulation is the only consistently practicable means of realizing the 
saving in fuel to be made by utilizing to the fullest possible extent 
these independent heat supplies. 

HUMIDITY CONTROL DEPENDENT UPON TEMPERATURE CONtl^Ot 

In considering temperature in its bearing on human activities and 
comfort, we cannot lose sight of humidity, as the two are most 
intimately correlated. So rapid are the changes in humidity con- 
ditions following our existing methods of varying it, that manual 
control is comparatively impossible. Automatic regulation of the 
temperatures of the untreated air and of the injection water when 
they are brought into contact, gives us very positive and responsive 
humidity control. The ability to control within very close limits 
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the moisture content of air is necessary in many manufacturing 
processes, and so intimate and remarkable are the results following 
the automatic control of moisture content in such cases that we 
believe the future along this line holds wonderful possibilities. 
The saving of materials in process of manufacture otherwise wasted 
because of inconsistent or improper reactions must here be credited 
to automatic temperature regulation. 

IMPORTANCE OF CONTKOL OF WATER TEMPER.MURE 

The temperature o<' all domestic hot water supplies should be 
controlled automatically, as not only waste in fuel, and rapid deteri- 
oration of valves and packing, but serious scalding may result from 
overheated water. By domestic supplies we mean all water used 
for lavatories, laundries, baths, etc., whether in homes or offices 
or in factories. In this connection the death in Chicago of a two- 
year old child recently would have been averted by automatic tem- 
perature regulation of the hot water. 

EXISTING conditions 

In general, manufacturing plants the country over, however 
heated, are without any automatic temperature regulation. When 
ihe weather is such that the heating plant causes discomfort, people 
open the doors and windows, and very seldom shut off any heating 
surface or reduce materially the coal consumption. Too often such 
neglect is based on the idea that exhaust steam is of no value, 
although in making it, about nine-tenths of all the fuel burned was 
required, and in wasting it this nine-tenths is wasted. Automatic 
temperature regulation is at present vitally responsible for increased 
efficiencies in manufacturing processes, particularly as regards the 
saving in time. It has made possible the drying of lumber in 
months where it formerly took years. It has simplified greatly 
the production of many sorts of prepared food — such as is being 
sent abroad for the army — and has shortened materially the time 
required in such preparation. It should not be forgotten that the 
application of automatic temperature regulation in manufacturing 
plants usually results in the release of labor which can be used 
for other purposes. It is no uncommon thing, where automatic 
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by installing automatic temperature regulation. With such systems 
of heating, the occupants control the temperature in the easiest 
way, which is to open the windows, and seldom turn off the heat. 
When the. coal is burned on the premises a natural human instinct 
to reduce labor as much as possible tends to some extent to prevent 
waste. 

Only a few, certainly not over one in ten, of the residences in this 
country have automatic temperature regulation, despite the very 
simple and inexpensive devices which, operating on the draft damp- 
ers of the heaters, will prevent any overheafemg and will even insure 
the maintenance of a reduced temperature during the night without 
any special adjustment. 

In buildings having warm air furnaces far sx^ftyiag heat, auto- 
matic temperature regulation, since it prevents to a great extent 
any hard firing unless ample cold air is being admitted or unless the 
building requires the heat, will make for longer life in fireboxes, 
grates, etc. In such installations, also, for the same reason, there 
will be materially less danger of fire from overheated parts of the 
apparatus. 

A fair share of all public buildings is equipped with automatic 
temperature regulation, particularly those buildings having me- 
chanical ventilation. This is done not only because fuel economy 
is sought, but also because with such ventilation, very rapid air 
changes are necessary and manual temperature control is impossible. 
There is an increasing tendency to install automatic temperature 
regulation for street and railway cars, in order to take the fullest 
advantage of the heat given off by the occupants. 

Practically all air conditioning apparatuses wherever installed, if 
successful, have automatic temperature regulation in connection 
with the humidity control. Hot water domestic service heaters in 
public buildings are usually, when heated by steam, provided with 
automatic temperature control. We believe that comparatively 
few such heaters for residences and manufacturing plants are so 
controlled, though very simple and economical devices for the pur- 
pose, operating on the heater drafts, are available. 

PROBABLE SAVINGS BY INTRODUCTION OF AUTOMATIC CONTROL 



Digitized by 



Google 



Report of Commmtee on Automatic Heat Control 167 

sluggishly the conditions in the building. With electrical heating, 
the saving is nearly directly in proportion to the hours turned off. 
With steam heating there is a constant heat loss from the pipes, 
and when the steam is turned on a cool radiator the rate of con- 
densation momentarily is excessive. When steam is turned off 
from all the radiators or a large percentage of them, the pressure 
at the boiler increases rather slowly, and while such pressure 
increase is reflected ultimately in the rate of fuel consumption, it 
may be many minutes after the radiators are closed. With hot air 
heating in residences, for instance, where the temperature is con- * 
trolled by the draft damper, even though the draft be decreased, 
it will take some minutes for any decreased combustion rate to be 
manifest. 

Observations of many different types of automatic temperature 
control, under varying conditions, and all available tests of such 
systems indicate strikingly that in order to maintain closely any 
fixed temperature there must be an almost continuous movement 
of the dampers or valves. Such persistent and continuous adjust- 
ment by hand is well nigh impossible. 

The following are some well authenticated records of actual 
savings : 

1. Test by F. A. DeBoos, at Kansas City, Mo., in an office 
building, heated by direct steam (Transactions of The American 
Society of Heating and Ventilating Engineers, Vol. 23, page 
649). The. steam was shut off 63 per cent of the time between 8:00 
A. M. and 6:00 P. M. during February, with an outside tempera- 
ture of 29 deg. although the temperature inside was maintained at 
70 deg. These observations also indicated that the valve must be 
opened and closed around 2,500 times during a heating season, hold- 
ing the room temperature within a range of onp degree from the 
point desired 

2. Simultaneous tests of the temperature and condensation of 
two buildings of practically equal size at the University of Illinois 
(Prof. A. C. Willard) show a consistent decrease in the amount of 
steam required by the automatically controlled building as the out- 
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and other places where buildings of similar type and size are 
equipped with similar heating systems both with and without auto- 
matic temperature regulation, show an average saving of around 
16 per cent of the total fuel consumption per season by using auto- 
matic temperature regulation. 

4. The introduction of automatic temperature regulation to 
street cars, as shown by tests made by the Chicago Railways 
Company where, since electric heating was used savings were easily 

.computed, show a saving by preventing overheating, of well over 
50 per cent. This saving computed on the basis of 3 lb. of coal 
per kw.-hr. means, for the 50,000 electrically heated cars in the 
United States, a saving of nearly 750,000 tons of coal per season. 

5. A two-weeks test was conducted in a residence at Overbrook, 
Pa., supplied by a central heating plant. The first week the plant 
was operated under hand control, and required an average of 2,180 
lb. of steam per day (measured by condensation). During the 
second week the house was under automatic control, and the average 
amount of steam consumed per day was 1,500 lb. During these 
two weeks the average outdoor temperature was practically the 
same. This shows a saving, therefore, of 680 lb. of steam per 
day, or at 50c per 1,000 lb., 34c per day (American Radiator 
Company). The saving is over 31 per cent. 

6. Mr. F. W. Ballard in a paper read before the Ohio Society 
of Mechanical and Electrical Steam Engineers, describes a central 
heating plant operating at Cleveland, equipped with automatic tem- 
perature control. To quote from his statement: 'This has been 
found in some cases to reduce steam consumption by as much as 25 
to 30 per cent." 

7. Automatic temperature regulation installed on the heating 
plant in the First National Bank Building at Peoria^ 111., showed a 
saving of approximately 33 1-3 per cent in a test extending over a 
period of eight months as compared with the corresponding months 
of the previous winter. The test was conducted and the statistics 
were compiled by Mr. H. R. Wetherell of the National District 
Heating Association. The net saving in this building for the year 
was $158.05, which was considerably more than the cost of the 
very simple, self-contained type of automatic control installed. 

8. Mr. H. A. Woodworth, M. E., Merchants Heat & Light 
r*^.^^^....., T— j:^.-- i:- t-^j i. _ j » *? __ j._-i 
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9. A large store at Hartford, Wis., heated by steam from a 
central station, and so having ready means of measuring the con- 
densation, saved nearly $200.00 in one season by installing a single 
unit automatic temperature regulator. 

COSTS 

The cost of installing automatic temperature control to an exist- 
ing plant varies, of course, with the conditions. In manufacturing 
buildings, it is often possible to control a large number of heating 
units in the same room with one thermostat. While perhaps not 
so minute regulation will thus be accomplished, a general condition 
will be attained of preventing overheating. 

Where the building is considerable in srze and has many rooms, 
a system of regulation having many units — such as the type using 
compressed air as motive power — or an electrical system, is least 
expensive and most satisfactory. With its control of each unit of 
radiation, varying the amount of heat as the varied exposure and 
heat source conditions of the building require, such a plant must 
reach a high efficiency. Maintenance seems to cost annually not 
to exceed 2 per cent of the cost of the plant. 

For buildings having but one or two rooms, and for residences 
of reasonable size, however heated, single unit regulators, which 
may be self-contained, or electric or mechanical, give satisfactory 
results and the maintenance cost is negligible. 

It may be roughly stated that a good system of automatic tem- 
perature regulation may be installed in a building for from 6 to 10 
per cent of the cost of the heating plant. 

CONCLUSIONS 

The installation of automatic temperature regulation, or system 
for prevention pi excess temperature, is a justifiable investment for 
all heating systems inasmuch as it very positively contributes to: 

1. Conservation of fuel. 

2. Improvement in health. 

3. Gain in personal efficiency. 

Those installations in which it is particularly a desirable and wise 
addition, are: 

1. All manufacturing plants in which a temperature of 60 dcg. 
or higher is maintained. 

2. All offices. 

8. All residences. For the smaller residences the type which has 
but one thermostat, operating on the heater drafts, gives excel- 
lent results. 
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4. All buildings heated from central stations, and particularly those 

having steam service. For many of these the single unit type 
of control is ample. 

5. All buildings having . mechanical ventilation. The air changes 
are so rapid and involve such quick temperature fluctuations 
that automatic temperature regulation is imperative from the 
comfort standpoint as well as for many other reasons. 

R. AH service hot water heaters, particularly those having coils 
which are supplied with steam. The savings to be made arc 
very great. Prevention of scalding is positive. Steam supply 
to the coils, or the drafts of the coal fired heater, or the supply 
to the gas fired heater may be controlled by automatic devices 
limiting the temperature of the water. 

7. All manufacturing processes in which the exact control of the 
moisture contained in the air and the temperature of any of 
the materials are of importance. 

H. All railway, elevated or street cars, particularly ihose heated by 
electricity, and used for the transportation of human beings. 

For data incorporated in this report acknowledgment is due to 
Dr. E. V. Hill, of the Chicago Department of Health, to Mr. A. 
R. Root of the American Radiator Co., Chicago, and to H. W. 
Elfis, of the Johnson Service Co., Milwaukee, Wi$. 

Respectfully submitted, 

Samuel R. Lkwis, Chairman, 

F. F. Aldridgk 

L. P. Breckeniudgk 

F. A. DeBoos 

COMMITTEE ON AUTOMATIC H. A. HaRRIS 

heat CONTROL, M. C. HONEVWELL 

F. W. Powers 

H. W. SWEATT 

W S. Ttmmts 



Digitized by 



Google 



No. 513 

A TEST OF THE CONDUCTIVITY OF WINDOW 

SHADES 

By John R. Allen. Minneapolis, Minn. 
Member 

THIS test was made for the purpose of deterrtiining the rela- 
tive amounts of heat transmission through a single strength 
glass window, close fitting with stops on- both sides, first with- 
out window shades and second with window shades pulled down in 
^ront of the window. 

APPARATUS 

For the purposes of the test, a specially prepared cubical box, 5 
ft. inside dimensions, open on one side, was used. The walls of the 
box, laminated and insulated, were 8j/i in. in thickness, and inside 
1600 lb. of ice were placed in a galvanized iron pan from which a 
drip pipe led to the outside. In the open end of the box, two win- 
dow sash were tightly fitted with stops on both sides. The adjacent 
sides of the box projected about 6 in. beyond the window, and in 
the recess thus formed, a window shade, fitting it, was hung. When 
pulled down, there was a clearance between the roller and the top 
of the recess of about % in. and a clearance on the sides of the 
curtain of from % to % in. The bottom of the curtain Was held 
oflf the bottom of the recess by the drip pipe, and between the cur- 
tain and the window stop there was a clearance of from % to y% in. 
This testing box is similar to that described in my paper on Heat 
Transmission Through Building Materials (Transactions, Vol. 
XXII, 1916, see page 509). 

Another curtain was hung on the top of the box at the edge imme- 
diately above the window and when pulled down hung closely on 
all sides of the opening or recess. 



Paper presented originally before Minnesota Chapter and subsequently at the Aiviual 
Meeting of The American Society of Heating and Ventilating Engineers, New York. 
January, 1919. 
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METHOD OF TEST 

Temperatures were observed 8 ft. away from the bbx to deter- 
mine the outside temperature, at two points immediately in front of 
the window and at seven points immediately inside the window. 

The main criterion of the test was the rate at which the ice was 
melted under four different conditions which were as follows : 

(1) Both curtains rolled up; 

(2) Inner curtain only pulled down; 

(3) Both, curtains pulled down; 

(4) Outer curtain only pulled down. 

Measurements of the water running out were made in 100 c.c. 
and 1000 c.c. amounts to determine the time necessary for the melt- 
ing to reach a uniform rate and also to check the longer time tests 
which ran from 3 hours to 20 hours in length. 

Corrections were made for the difference in temperatures between 
the inside and outside temperatures which varied from 21.6 deg. 
to 29.3 deg. fahr. 

RESULTS 

The results from these tests show that the saving in heat trans- 
mitted by the use of the single inside curtain was 19.2 per cent, by 
the outside curtain, 28.7 per cent and by both curtains 12.7 per cent. 
The marked difference in heat transmission between the tests of the 
inner curtain and the outer curtain, was without. doubt due to the 
fact that the inner curtain did not fit its opening tightly. This* 
allowed currents of warm air to enter at the top and being cooled 
between the curtain and the window, to fall and go out through the. 
clearances at the sides and bottom. The outer curtain fitted over 
the smooth sides of the box about 1 3^ in. and permitted very little' 
movement of air between it and the window. 

The author desires to here render acknowledgment to Prof. Fred- 
erick Bass for his assistance in conducting these tests. 



TABLE 1. RESULTS OF WINDOW SHADE HEAT TRANSMISSION 
- ' • TESTS 
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No. 514 

TOPICAL DISCUSSION 

CAPACITIES OF AUTOMATIC ROOF VENTILATORS 



/N view of the demand for information concerning the various types of 
automatic roof ventilators at the time of the many howsing campaigns 
during the recent war, the Publication Committee endeavored, from vari- 
ous sources, to obtain authoritative data which would serve as a guide in gen- 
eral to designers, called upon to make use of this class of apparatus. An 
attempt to analyse the various types of roof ventilators as ordinarily con- 
structed resulted in the following four classifications with respect to the 
fixity of the body or head and its vanes or elements; 

1. Ventilators with fixed heads and vanes or elements; 

2. Ventilators with fixed head, but having rotating elements; 

3. Ventilators having fixed vanes or elements, but with heads pivoted so as 
to swivel with wind currents; 

4. Ventilators having both pivoted heads and rotating elements. 

While the data obtained for presentation at the Annual Meeting were 
very meagre, they were sufficiently direct and interesting to incite the 
following discussion. 

Major James W. H. Myrick: In touching on that roof venti- 
lator proposition I would simply like to say that the ordinary pipe, 
square or round, with the wind blowing across the top of it, if it 
were possible for the wind to blow at that angle at all times, and a 
board put up to windward so as to create a free exhaust to the lee- 
ward would increase the efficiency of the pipe or chimney. The 
Bureau of Standards in Washington will give, I think, the tests 
that they have been making on different styles of ventilators. 

Any construction of that form called an ordinary Dutch hood, 
with top cover, or weather shield at an angle of 45 deg. to keep out 
the weather and the wind from blowing down the pipe, is very 
nearly as good as any form of stationary ventilator made, such as 
the Anchor, Pancoast, Royal, Burt, Globe, Star or Crown, but all 
of these stationary vents have got one form or another of weather 
shields, or baffle which are in a way obstructions to the free exit of 
the air ; whatever air enters any of them at the windward. side leaves 
at the leeward side, taking up some space of the stub exliaust area, 
so that they are practically weather shields. They are about the same 
on all tests made. The Standard Oil Company and some other large 
corporations, buying large quantities of ventilators, are continually 
making tests. 

Any swinging ventilator with a closed end toward the wind, like 
the "nigger-hcads" used in New York in large numbers, has more 
dBiciency in tests that have been made by engineers than any 
particular ventilator design of the stationary kind or make. The 
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old fashionect lobster-b<ick elbow or what is called the ship-cowl 
with the tail-piece, rudder or weather vane with free exit to the 
leeward, is a very good ventilator and good enough for all purposes 
when properly installed, provided there is an ordinary wind current 
of 7 or 8 miles an hour at all times. 

On testing wind velocities, Prof. Agassiz and Lord Kelvin, in 
their reports showed the lowest to be V/i to 3^ miles per hour at 
a distance 35 ft. above the ground surface, in an uninterrupted air 
current. There are, of course, all kinds of eddies and peculiar con- 
ditions brought about in a city by the high buildings; but with no 
obstruction, we practically never have anything less in any record or 
curve that has ever been taken lower than 2J4 miles an hour. 
The wind movement given in the Heating and Ventilating Magazine 
is about 10 to 14 miles in the average city. I think the lowest we 
have in Boston is about 14^^ miles. There is practically no time you 
get a reading less than 6 miles an hour. 

Thus the so-called Espey ventilator that has been on the market 
about 25 or 30 years, has the advantage over the so-called "lobster- 
back," because it is pointed to windward which has a tendency to 
split the air currents and create a so-called vacuum head to the 
leeward. The Espey type is made by every sheet metal' man 
and tinsmith. Tests will show better anemometer readings with 
them than any of the other so-called ventilators. 

With the Fenn or Uno type, made by a number of different con- 
cerns, the rotating head will stop the down draft but the centrifugal 
motion it creates in the turning head does not help the circulation 
in the stack, that is, in itself, it does not create an upward draft ; 
of course the inlet air temperature must be taken into consideration, 
as was brought out. It is possible to take any stationary ventilator 
and with a high temperature inside the building obtain high read- 
ings, and stack elevation should be considered also, when ventilator 
readings are made. With most of the ventilators on roofs, with a 
very light air movement, and the basement cold, we are liable to 
have a down draft, even with a revolving type of ventilator. But, 
taking ventilators in general, anything that has a closed end toward 
the wind has a better displacement than a stationary ventilator. 

I am glad the Society has taken this question up, because in 
many, many cases, as Dr. Hill has brought out, there is a possibility 
of having natural ventilation, and very many times a ventilator can 
be used, or even a high chimney stack. I have seen a number of 
cases where they have had a 24 in. stack 10 stories high with a 24 in. 
fan discharging into the base; if they cut off the motor on the fan, 
the heat in the stack or chimney would cause that fan to turn almost 
as many revolutions per minute as with the current on, and the 
anemometer doesn't show any greater velocity with the fan going 
than with the natural ventilation. 

In the use of the vento, or stack heater, the Fuel Administrator 
has brought out many very interesting points. There are a great 
many school buildings where they are not using, now, any stack 
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heater in the exhaust or foul air outlet ducts, because with the 
proper elevation of the chimney, the natural ventilation in a great 
many cases is sufficient; especially with coal at $11 or $12 a ton it 
seems a waste of fuel to' throw it out-doors for this purpose. 

There is also another form of ventilator that has not been touched 
on, the old clover-leaf ventilator, now made on these lines by the 
Kernchen people. This type when put on the peak of the roof, 
where there will be currents upward, will give good tests, but on a 
flat roof, as a rule, barring eddies, etc., the currents are crosswise 
or horizontal, not up and down. There are places on some roofs 
where the currents strike and go upward, and if properly installed 
it will work better than others. But a great many reports of tests 
are not at all definite as to elevation, inside and outside tempera- 
ture, humidity, wind velocity, nature of inlet or feed, etc. 

Any kind of an ordinary stationary roof ventilator is more or less 
like an ordinary cupola on a barn. Whatever comes in the wind- 
ward must go out the leeward, and it has a tendency to create 
a draft, but it also has a tendency to block up the natural exit. Thus 
there are a hundred different angles from which we can argue what 
IS the displacement of a ventilator. But in the end, with known 
conditions, an anemometer reading of the stub velocity is the proper 
and accurate test. 

E. A. Scott: It is a fact that the Construction Division of the 
U. S. Army made some tests recently of some 30 odd different 
styles of ventilators, a different series of tests from those referred 
to in this discussion. As I understand it these ventilators were 
divided into four different classes, and included ventilators sub- 
mitted for test by 32 or 33 different manufacturers. I endeavored 
to obtain a copy of the report, but I was told that it was being held 
strictly confidential. There was some very good information on it 
which I wanted for the reason that a great many of the men through- 
out the country who are installing roof ventilators or who are called 
upon to ventilate basements and other rooms by natural ventilation, 
do not seem to have any authentic data on which to work. They 
do not know the size of ventilator to put on. 

We know that there are some tables of capacities, published by 
some manufacturers. I have in mind at the present time, one based, 
I believe, on tests made on a 6 in. ventilator. The results as given 
for the other sizes are in arithmetical progression, or they vary 
exactly as the area of the ventilator. Such data are put out for the 
benefit of the men who have to install ventilators, and they certainly 
do not seem to be the most authentic that could be obtained. I be- 
lieve it would be an excellent move if this Society would develop a 
set of tables of capacities of roof ventilators, which could be pub- 
lished to give something approximately correct for the guidance of 
ventilator installers. 

Frank K. Chew : I move that a Committee of five be appointed 
to investigate ventilator construction and capacity. 
' The motion was seconded and carried. 
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LIMITING THE FUEL FOR DOMESTIC HEATING 

By Konrad Meier, Winterthur. Switzerland 
Member 

ALTHOUGH the rules for limiting the supply of coal to 
domestic consumers have been considerably discussed, 
information as to what is being done elsewhere in this direc- 
tion may still be of interest. The indications are, that fuel will yet 
be scarce and dear and that the campaign for economy has only 
begun. 

In addition to restricting the operation of heating apparatus, as 
mentioned in a previous paper, Economy in Heating (see Transac- 
tions, Vol. 24, 1918, p. 387), the Fuel Boards of Switzerland are also 
regulating the distribution. The rules under which this is being done 
differ according to local conditions. In Zurich, a prosperous town with 
comparatively extensive suburban districts, the conditions may very 
well be compared with those obtaining in the eastern cities of the 
United States. The mean outdoor temperature during the heating 
season is 36 deg. fahr. Heating apparatus is calculated for -4 deg. 
fahr. when living rooms are to be maintained normally at 64.4 deg. 
fahr., requiring practically the same capacity as heating to 70 deg. 
in zero weather. 

The buildings are divided into classes for which distribution is 
made on different plans. They comprise: 1. Houses with indi- 
vidual room heaters or stoves. 2. Flats with small hot-water heat- 
ing systems within the same. 3. Private houses with steam or hot- 
water heat from the cellar. 4. Apartment houses heated by a com- 
mon apparatus in the cellar. 

For the first of these classes, a schedule is adopted on a basis of 
rooms and occupants, the idea being that more persons require more 
of the rooms to be heated. The owners receive amounts of coke 
in pounds according to the number of persons in the dwelling as 
shown in Table 1 : 

TABLE 1. SCHEDULE OF FUEL ALLOWANCES IN SWITZERLAND 
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For offices and work rooms connected with dwellings, also for 
ground floors and specially exposed locations, these limits may be 
raised on applicaticm by 440 lb. per room actually used. 

Irrespective of the number of occupants, this gives an average of 
1/6 ton or less to the larger dwellings per room per season. For 
the smallest apartments, where little can1)e shut off, the limit may 
approach 1/2 ton with extra allowances, that is, in extreme cases 
only. The great majority of homes receives from 1/6 to 1/4 ton 
per season per room, which is presumed to be sufficient for reduced 
room temperatures and unnecessary heat shut off. 

As stated, this schedule applies only to individual heaters, mostly 
stoves of iron or tile, or with both materials in combination. Many 
of these are used intermittently. For this class, the conditions differ 
from those in the United States, at least in regard to the equipment. 
But, except as compared with the common iron stove, they are 
hardly more favorable, because the efficiency of small heaters with 
unskilled attendance is generally low. The saving feature of stoves 
lies mainly in the fact, that they are only put in service when actually 
needed. Even then, much of the heat is lost, because it gets there 
too late, and cannot be shut off. Moreover, the interior location of 
the stoves, mostly of tall design, tends to unequal distribution of 
the heat, resulting in a hot ceiling and a cold floor, which involves 
additional fuel for no greater comfort. Taken on the whole, the 
fact remains, that very many residences of the better sort, which 
this class includes, must get along with the same amount of fuel 
for a season that had been proposed in New York as the limit for 
one month. It is admitted, that many householders find it diffi- 
cult with such allowance to keep up even the reduced heating serv- 
ice, but there are plenty of others, who had never been using more. 

The second class covers hot-water apparatus with small boilers 
in kitchen or hall and all the piping within the flat, where the tenant 
must provide his own service. This type of equipment is to be put 
out of service altogether during the war, except where the installa- 
tion of emergency room heaters is not practicable. This measure 
is due to the coal-eating record of these installations, which is ex- 
plained by the poor efficiency of the small boilers under indifferent 
attendance and care, the exposed piping in the halls and interior 
location of radiators, all of which means badly placed heat. Con- 
sidering that in these smaller family apartments, only one or two 
rooms must be warmed for the greater part of the season, which 
service can be accomplished by stoves with Httle more labor, this 
temporary condemnation seems more or less justified, although the 
limitation of the fuel supply might have secured the same result. 

For the third class, the one-family private houses heated from 
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and persons as for class 1. Unfortunately it is difficult to estab- 
lish previous consumption and legitimate requirement, since the 
capacity of the apparatus is by no means a reliable measure. House 
owners who were always economical now receive barely enough 
fuel to keep going, while those making the bolder claims have the 
advantage. 

The same applies to apartment houses heated from the cellar, but 
the ratio for this class is 55 per cent of the previous consumption. 
This forces the owners to shut off risers to unimportant rooms, 
halls, etc., and to reduce temperatures and service hours, but to a 
degree that varies with former habits rather than according to the 
real needs. This has been recognized in other towns, where allot- 
ments were made on the basis of rooms, but with higher limits for 
classes 3 and 4, which cover the modern steam and hot-water heat- 
ing apparatus, since, after all, the requirements are greater than 
for heating by stoves. On the average the allowances run from 
0.3 to 0.5 tons per room and season for one-family private houses 
and from 0.4 to 0.6 tons for apartment houses, the first figure being 
the rule. Previous consumption is also ascertained and the supply 
reduced below the above wherever possible. Thus for a 10-room 
sandstone house exposed on three sides the writer received tickets 
for 2.5 tons of coke, making J4 ton per room. The apparatus is a 
hot-water system. The normal consumption was 3.5 tons per sea- 
son. In case it were decided to get along with the old stoves, which 
are still in existence, the fuel limit would be reduced to less than 
1.5 tons per season. According to the rule suggested at the Annual 
Meeting of the Society last January, however, the writer would be 
entitled to receive 15 tons for the season. 

Naturally, there have been discussions as to the decidedly greater 
fuel consumption shown for the up-to-date equipment. Steam 
and hot-water fitting for residences has received a distinct set-back, 
while the stove business is booming. The difference cannot be 
accounted for by lower thermal efficiency of the apparatus with a 
central fire in the cellar. It is mainly due to greater performance 
and increased comfort. In a sense, it fits a higher standard of 
living, although this would not be admitted by many who would 
never part with the old-fashioned tile stove. Another factor is the 
character of the buildings fitted with modern apparatus, both as to 
construction and greater proportion of the space that must be 
heated. House heating from a central source as a method cannot 
be said to cause waste, but there is no question that in many cases 
such apparatus might be simplified with a view to cutting out all 
unnecessary expenditure of fuel. 

From various records and personal experience in this country the 
legitimate, normal consumption of coal for residences averages 
about 1/3 ton per 1,000 cu. ft. of actually heated space, or 2/3 ton 
per good sized room of 2,000 cu. ft. Considering that not all of 
the rooms of apartments may be heated, the above rations of 0.3 
to 0.6 tons per room are not unreasonably low. It is safe to say, 
that most of the owners will keep within that allowance this coming 



Digitized by 



Google 



180 Transactions of Am. Soc. of Heat. & Vent. Engineers 

season, if only on account of the cost. The present price of coke 
of about 11,000 to 12,000 B. t. u. heating value is over $60, i. e., in 
Switzerland, where the consumption of say 15 tons for 10 rooms 
would now amount to over $900 and thus would leave little or 
nothing for other household expenses in many a family. At such 
a price it might seem extravagant even to Americans, and it would 
be worth while to investigate, whether the proposed allowance or 
limit of 1.5 tons per room is excessive for conditions obtaining in 
New York and vicinity. The difference between the allotments of 
less than J4 ton here and 1J4 tons for the corresponding class of 
American residences certainly ought to be explained in some way. 

To this end it would seem proper to compute the average coal 
consumption per 1,000 cu. ft. of space as resulting from American 
building practice. The records of the writer, covering a large 
number of residences in the United States, give a requirement of 
approximately 5 B.t.u. per cu. ft. of heated space for city residences, 
6 B.t.u. for suburban brick houses and 7 B.t.u. for frame houses. 
These ratios are for liberal capacities, allowing for natural ventila- 
tion or leakage, but not for indirect heat. Taking the mean ratio of 
6 B.t.u. per cu. ft., the coal consumption for a room of 2,000 cu. ft., 
according to the well recognized formula should be 12,000 x 0.4 
X 16 X 200/8,500 = 1,800 lb. = 0.82 tons. Assuming 80 per cent 
of the space in a residence to be actually heated, the coal consump- 
tion should be 0.66 tons. The several factors of the calculation 
will be conceded to be fairly liberal. The 12,000 B.t.u. correspond 
to about 46 sq. ft. of steam or 70 sq. ft. of hot-water radiation, 
which will heat a room of at least average size and exposure. The 
ratio 0.4 of the full capacity should cover the mean requirement for 
the season in view of the fact that the load on the boiler is by no 
means proportional to the temperature difference. The heating 
begins only at several degrees below indoor temperature and the 
line of increase is a curve depending on the effect of indraught, 
which IS accelerated in cold weather. The heating hours are about 
those of the New York season. The 8,500 B.t.u. utilized involve 
an efficiency of 65 to 70 per cent for the boiler with coal of 12,000 
to 13,000 B.t.u. thermal value. This efficiency may not be reached 
now in the majority of plants, but it could be attained, if owners 
will put their boilers into proper condition, make the necessary im- 
provements and pay attention to the service, all of which may 
reasonably be expected. 

It should be evident from the above calculation, that 2/3 tons 
per good-sized room, or 1/3 ton per 1,000 cu. ft., is about the 
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as far as it really exists — and probably it does to a great extent — 
the writer would ascribe to several causes. 

The first to suggest itself is the building construction, which has 
repeatedly been shown to result in more leakage than is assumed 
in calculations. However, it would explain only a small part of the 
difference and is not the principal reason, why so much less coal is 
used in Switzerland. The double sashes prevailing there are loosely 
fitted and the single sash with double glaso leaks as much as the 
ordinary window. They do not save more than 10 per cent on the 
whole. Many houses hereabouts are plastered outside, but few are 
built with air spaces and terra-cotta linings, as in the United States. 
Taken altogether, American building construction does not require 
much more for heat than that abroad, but probably more than 
most engineers now figure. Possibilities for improvement will be 
found in every home. 

A second item that increases the coal bill is the ventilation, through 
windows or by other means. It should not be discouraged, except 
in so far as directly induced by overheating, which had better be 

TABLE 2. COMPARISON OF TEMPERATURES ACTUALLY MAINTAINED 

IN RESIDENCES 

Temperatures in New York, Temperatures in Zurich* 

_ _ _^^8- ^A^**- __ _ deg. fahr. 

Normal heat service Outside Inside Diff. Outside Inside Diff. 

Extreme temperatures zero 70 70 -4 64.4 68.8 

Mean for the season 40 70 30 36 64.4 28.4 

do. including halls, etc 40 67 27* 36 60.8 24.8 

do. regulated to suit 40 63 23* 36 59 23* 

Reduced war service 

Mean for the season 40 65 25 36 60.8 24.8 

do. including halls, etc 40 62 22* 26 53.6 17.6 

Unnecessary heat shut off . . 40 56 16* 36 52 16* 

• Approximate. 

prevented. When limited to the proper time and place, the occa- 
sional airing does not call for as much heat on the whole as the 
natural leakage, which is going on day and night and severely taxes 
the heating apparatus in cold weather. It is the leakage, which 
ought to be stopped wherever possible. Ventilation should be 
under control and independent of heating, since less is required 
with increasing demand for heat. 

A third factor lies in the diflferences of temperature actually main- 
tained. For residences as a whole this is a matter of habit and 
close attention to the heating service. The possible savings are 
indicated by the approximate comparison given in Table 2. 

These figures are intended to show, that the average tempera- 
ture difference kept up in both places during the season is relatively 
email anH mav Kp rf»Atint*A frk n rnriQiHprahle extent hv regulation to 
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further, that for the same temperature diflference and nearly equal 
fuel consumption it should be possible to maintain higher indoor 
temperature in New York and to give such service as people could 
readily become accustomed to. Even the normal temperatures given 
above for a city in Switzerland represent a fair standard and good 
conditions for work, while the reduced service is taken as a war 
measure, but likely to induce some permanent economies. At any 
rate, it should be evident, that considerable extra fuel is being 
used in the United States because the heating service is being kept 
up with too little regard for actual necessities. 

A fourth cause of waste is traceable to the systems of heating. 
It may be conceded, that a well designed and responsive hot-water 
apparatus offering easy and full range of central regulation and the 
best conditions for heat generation is more economical for domestic 
heating than the prevailing steam heat and the hot-air furnace. 
Outside of the individual room heaters little else but gravity hot- 
water systems are installed in Switzerland, which fact by itself 
probably accounts in part for the lower fuel consumption. The 
system of heating may also be said to involve waste, where indirect 
methods are used without particular necessity, as for instance in 
suburban residences. The extra ventilation is not needed here and 
its choice is usually a concession to someone who does not like the 
common radiator. In as much as indirect heating often involves 
other losses besides those of ventilation, we are no longer justified 
in sacrificing fuel for the sake of looks. The proper way would 
seem to lie in the development of direct radiation to meet present 
objections. These are due to the manner of application rather than 
to the principle, since, after all, the plain radiator is the simplest, 
cleanest and most efficient device, when applied with good judg- 
ment. With improved designs that might combine utility and 
ease of manufacture with pleasing appearance, it can be made to fit 
all reasonable demands, at least for domestic heating. 

A fifth source of at least partially preventable waste is the com- 
paratively low efficiency of boilers and furnaces. According to pre- 
vailing opinion only about half of the fuel burned in domestic heaters 
to-day is actually utilized. There are good reasons for saying, that 
in European practice, this average is higher. Boilers have always 
been sold on the basis of heating (fire) surface and are more con- 
servatively rated in consequence. Flue gases generally leave at 
moderate temperatures and red-hot smoke breechings are unheard 
of. The writer is aware that low stack temperature in itself is no 
proof of good economy, especially when caused by excess of air 
and leakage. But it is a fact that more attention is being paid here 
to air-tight doors and settings, because the regulation of the draught 
by the ash pit door depends on it. Hence it is safe to say, that the 
excess of air is smaller, at lower stack temperatures, whereby the 
principal losses through the chimney are surely kept down. It 
it probable, that the boiler efficiency may be improved in most of 
the older and many of the newer plants in the United States, if they 
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are thoroughly looked over, settings and doors are made tight, 
excessively large grates are blocked off, small capacity is increased 
or the load reduced, and everything is put in order generally. 

These five points probably cover the principal causes of waste, 
all of which may be avoided to some extent. Building construc- 
tion, old and new, can be improved. Ventilation can be cut down 
or shut off where not needed. The application of heat should be 
brought more in harmony with legitimate needs as to time and 
place. Heating systems could be corrected or changed with profit 
in many cases. The efficiency of boilers could be raised irrespective 
of attendance. All of this may be useful and welcome business to 
the profession and the trade. 

Although the writer may claim to be fairly familiar with condi- 
tions, he does not care to say what the U. S. fuel rations ought to be. 
The intention was merely to inform the membership as to the situa- 
tion elsewhere, which would, indicate that a lower limit might be 
possible* and profitable than that which has been proposed so far. 



DISCUSSION 



Prof. J. R. Allen : There is quite a distinct difference in the 
amount of coal used in- various sections of this coimtry per room. 
Just at the present time we are having in Minneapolis 20 deg. below 
zero, yet we bum less coal per room in Minneapolis than in Detroit, 
and we put ina smaller heating apparatus in the same house than in 
Detroit. At the present time, in the house I am living in, we are 
burning about half a ton per room. The reason for this is that every 
house is covered on the outside with about an inch of insulating ma- 
terial, flaxolineum or some similar material, and every window has 
double sash, even cellar and attic. The result is, in a colder climate, 
we have a lower consumption, a smaller heating plant than they do 
in a milder climate. This is a question that should be more con- 
sidered by the architects — the question of building proper houses 
and insulating them well — ^because in many cases the money spent 
on the insulation would be less than the money spent in additional 
heating, and there would be a material saving of fuel in operating 
the plant. 

M. William Ehrlich : Possibly there is good reason for these 
figures of low coal consumption. It would seem that the homes of 
Switzerland are of "tight" construction and pretty well insulated, 
or else the heating apparatus must be very much more efficient than 
American equipment. Then again the attitude of the people in meet- 
ing a war condition, their "sense" of comfort, and combating ex- 
cessive fuel prices, may have a bearing on the subject. Take the case 
of England where the weather is unlike the American conditions, 
though the latter are closely approximated by conditions in Switzer- 
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land. We notice that a ration system is in vogue and the restric- 
tions placed by the government on coal, still gives an allowance of 
0.8 ton per room, on an average, as compared with 0.3 to 0.6 tons, 
as mentioned for Switzerland. 
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No. 516 

ENGINEERING ECONOMICS OF HEATING 

By M. Wiluam Ehrlich. New York, N. Y, 

Treats of a new lazv based on the theory of weather 
control over heating and gives its practical application in 
predetermining coal requirements for steam and hot 
ivater heating systems, with standards for graphically 
determining radiation requirements. 

AS an engineering problem, the question of fuel consumption 
is a permanent institution of some importance. The solu- 
tion of this problem is of interest to all concerned. Consid- 
ering coal required for heating purposes only, this paper gives an 
outline of the theory of weather control over heating. The missing 
factor that has been overlooked or neglected in contemporary inves- 
tigations, is embodied in a simple new law that gives results that 
may be checked in practice. The presentment is based on ten 
years of personal observation, close study and analysis of the 
many elements that help to make the problem complex. In the 
main, actual working plants for which corresponding operating 
data were available, form the basis of the study and the conclu- 
sions derived. Office buildings, manufacturing plants, depart- 
ment stores, apartment houses and residences located in different 
sections of the country furnished the information. In such build- 
ings where more simple and complete records were maintained, the 
coal consumption was easily accounted for, and comparisons showed 
them to be operating with relatively good economy. Invariably the 
installation of a system of records in plants not so provided meant 
only after several months use of the system, a reduction in the coal 
consumed. 

My study convinced me that it is not fair to relate coal consump- 
tion to cubic contents of • the building heated. Nor does a relation 
of coal consumption to installed heating surface, give conclusive 
results. If one class of building were considered, all operating 
under similar conditions, a straight line relation might be estab- 
lished by either method, but the results would not apply to different 
conditions. Still, as heating is a known process that follows the 
same law in all instances, so there must be a fundamental relation 
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element modifies this somewhat, but the weather control over heat- 
ing is the most important factor, as will be shown. Combining the 
two, all figures are at once placed on an empirical basis and the coal 
consumption is determined by this new condition. Formulating 
this theory of weather control over heating gives a method for 
predetermining the coal requirements which in turn becomes a stand- 
ard for measuring the relative fuel economy of any heating plant 
having a steam or hot water installation. 

DEVELOPMENT OF THE THEORY 

In dealing with owners and managers of heating plants, it becomes 
immediately clear that their main concern is with the coal bill. Is 
the coal bill really high ? This question can be answered for every 
particular condition. The probable coal requirements for the serv- 
ice, however, must first be known in order to establish a relation. 

TABLE 1. MONTHLY DIVISION OF HEATING SEASON IN SOME 

STATES 

Note. — Figures are percentages of the total for the season which is 100%. 

Month New York Michigan Penn. Ohio Missouri 

October 3% 

November 7 

Decemiber •. 15 

January 25 

February 22 

March 20 

April 5 

May 3 

TABLE 2. AVERAGE HEATING REQUIREMENTS IN VARIOUS 

CITIES 

Note. — Figures given arc percentages of maximum conditions. 

Boston 47% New York 42% 

Columbus 47 Philadelphia . . . : 41 

Detroit 50 St. Louis 36 

The advantage of predetermining the coal consumption is, there- 
fore, obvious. And here is where the weather control has its sway. 
The first definite result of this study that materialized, is shown 
in Tables 1 and 2 which were published in Lefax during June, 
J1M.1. The figures given are based on a few actual instances in 
cities of the various states named. Because some of the heating 
|)lants were operated intermittently for short periods in May, all 
the figures in Table 1 were brought down to the same basis. These 
show that the coal requirements for the different months of the 
heating season vary with the weather conditions of the correspond- 
ing periods. The figures may also be used in determining the steam 

requirements. Thus in New York 7 per cent of the total steam or 
^^«i ^^•^^^^•^^.^i-:^^ ♦^u^™ -^1^^^ :., XT 1 ...i.:i_ t 
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atiiig 4000 hours during the heating season, this would mean a 
maximum possible requirement of 1200 lb. of steam. But accord- 
ing to the tabulation only 42 per cent of this would be used under 
New York weather conditions. Therefore, 1 sq. ft. of direct steam 
radiation would consume only 504 lb. of steam during the heating' 
season. The same reasoning applies to coal consumption. 

This formula with its factors was the first step in recognizing 
development which proved that the weather is the control over 
heating requirements. Combining this with more and later infor- 
mation, resulted in the formula and figures given in Table 3 which 
appeared in the March 5, 1918, issue of Power. According to these, 




3 4 5 6 7 8 9 10 111? 13 14 15 16 
Number Rooms in House 



FIG. 1. GENERAL APPORTIONMENT 

OF COAL FOR HOUSE HEATING 

SYSTEMS 



100 sq. ft. of direct steam radiation used in New York City for a 
season of 4000 hours, would consume 3.12 tons of hard coal. By 
the same method it is found that a heating system in Boston oper- 
ating say 3,000 hours during the season would consume only 2.55 
tons anthracite coal per 100 sq. ft. direct steam radiation. 

TABLE 3. FIRST FORMULA FOR COAL REQUIREMENTS 
Tons coal required ^ Sq. ft. Radiation X Hours X f 
for heating season 10,000,000 

VALUE OF FACTOR "f" 

Hard Coal Soft Coal 

Boston, Mass 85 80 

Columbus. Ohio 84 78 

Detroit, Mich 89 f^3 

New York, N. Y 78 73 

Philadelphia, Pa 75 70 

St Louis, Mo 64 60 

Digitized by VjOOQK 



188 



Transactions of Am. Soc. of Heat. & Vent. Engineers 



This formula with its factors was the first step that recognized 
the importance of accounting for the weather conditions as well 
as the hours the plant operates during the heating season. 

However, this form of computation with its involved factors, is 
not for the use of the layman, so, when recent conditions warranted 
it, the chart shown in Fig. 1 was prepared for the use of the mechan- 
ics and tradesmen in the heating field. It was published in the 
Metal Worker for August 30, 1918; appeared in similar form in a 
discussion in the Society Journal for October, 1918, and received 
further publicity through some daily newspapers. This chart was 
intended as a guide to show the probable coal requirements of 
different classes of residences, and gives only a very general appor- 
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tionment of coal on the basis of the number of rooms in the house. 
Class 1 represents the ordinary suburban or so-called country style 
detached house. Houses built in blocks or of the semi-detached type 
are placed in Class 2. No house, as a whole, is placed in Class 3 
except in special cases, the classes referring to the curves of Fig. 
1. A house having a large glass surface, or one that is very much 
exposed to the weather, may have one or two of its coldest rooms 
placed in Class 3, but the rest of the house remains in Class 1 or 2 
as the case may require. A typical ten room house that has three 
really cold rooms and seven average rooms would be given 12^4 
tons according to the diagram. But a ten room house in a block- 
well built-in, would be allowed only 8 tons of coal. Judgment and 
experience is, of course, required in the use of these figures. 

At that time, too much publicity could not be given to the eco- 
nomics of the coal question. So for the apartment house manager, 
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a closer set of figures was developed along the basis of weather 
conditions and an average number of hours operation, and these 
were published in the New York Herald, September 22, 1918. From 
these figures the diagram Fig. 2 was plotted for New York apart- 
ment houses. This shows, for example, that an installation of 3000 
sq. ft direct steam radiation would require 69 tons of coal which 
is 3.3 tons per 100 sq. ft. for the heating season. 

These developments in combination with more figures of actual 
coal consumption showed that a definite relation must exist between 
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them and the weather variations of the locality. Further concen- 
trated study and deeper analysis of all the factors that enter into 
the problem proved this contention well founded. 

EFFECT OF WEATHER CONTROL 

The result shows that for an equitable basis of computation or 
even comparison of the coal consumption for heating systems, the 
weather conditions and hours of operation, at least, must be known. 
Any other methods or even so-called ''comparisons" of different 
installations are erroneous as well as misleading. In Fig. 3 this 
fact is shown up clearly. 

Diagram A of this illustration gives a few scattered instances of 
actual records of coal consumption in commercial buildings located 
in New York and in Chicago. For the given sizes of installa- 
tions the coal consumption is given for 100 sq. ft. steam radiation 
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for the season. Some of the buildings used soft coal and others 
hard coal. The conditions as plotted are certainly unrelated. They 
show^ the futility of comparing figures on coal consumption found 
in buildings of different localities, particularly so when the hours 
of operation are not known in any of the cases involved. 

Diagram B of Fig. 3 illustrates this fact as regards the hours 
of operation that make up the individual plant heating season. For 
one weather condition as illustrated, the variations in coal .constunp- 
tion will take the general line of a smooth curve. 

In diagram C is illustrated the necessity of knowing the weather 
condition, which is denoted by the percent demand as related to the 
requirement under maximum conditions. For one stipulated oper- 
ating period, the differences in coal consumption will bear a definite 
relation, as indicated. 

TABLE 4. ACTUAL COAL CONSUMPTION IN AVERAGE HEAT- 
ING PLANTS WITH OPERATING DATA AND 
WEATHER CONDITIONS STATED 
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The coal requirements as plotted in the three diagrams of Fig. 3 
should not be compared as to definite values or tons required per 
season. While B is for a given weather condition, the correspond- 
ing percent demand is not stated. The same is true of C, which 
does not specify the hours in the heating season. These diagrams, 
however, serve a very useful purpose in showing why there is 
such great variation in the instances plotted in A. 

These facts are again brought to light by the records of several 
heating installations given in Table 4. Each has a different class 
of occupancy and has different operating characteristics as well as 
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data presented. The reason is embodied in the hours of operation 
and the weather control. 

The figures presented, however, point out that the true relation, 
as shown by weather control, is the coal required for 1 sq. ft. radi- 
ation operating for 1 Ar. at 1 per cent demand. 

To emphasize the importance of this simple new law, the diagram 
Fig. 4 has been constructed from the figures given in Table 4. 
The records shown by solid black triangles suggest that there is 
a wide divergence in the use of coal by heating systems — only 
because the radiation alone is considered. And combined with the 
top scale of this diagram points out that when the real factors of 
operation and demand on the system are used with relation to the 
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FIG. 4. COAL REQUIREMENTS IN AVERAGE PLANTS 

coal consumption, then there is a visible reason for one building 
requiring a greater coal tonnage to give adequate heating service 
than another building of similar characteristics. 

These features are in part an explanation of the basis used in 
formulating the master chart shown as Fig. 8. The remaining 
portion is made up of the personal factor as found in numerous 
actual plants that are considered to be operated with a commer- 
cially satisfactory degree of economy, as found by comparing theo- 
retical requirements with actual usage, when related to the weather 
control over heating. 

AVERAGE WEATHER CONDITIONS 

With these features in mind, the way is paved for carefully con- 
sidering the details of weather control over heating and coal re- 
quirements.' In the first place, it is the outdoor temperature varia- 
tion during the day that makes heating necessary. Secondly, while 
the outdoor temperature fluctuates, a nearly constant temperature 
is maintained indoors. Therefore, as temperature diflferences are 
the measure of heating work, it follows that the coal consumption 
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runs practically parallel to these for a heating system of any size 
operating any number of hours. 

The heating season has a duration equal to seven months, more 
or less, depending on the weather conditions of a locality. When 
the heating system is first proportioned the nominal low tempera- 
ture is taken as a basis. In New York -13 deg. has been reached, 
but only zero weather is considered. Therefore, whatever the 
temperature range for a given building, that difTerenec is consid- 
ered the maximum designed heating condition. Zero weather and 
70 deg. indoors is a common standard for New York City and it 
therefore represents maximum conditions for the locahty. 
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FIG. 5. TEMPERATURE FLUCTUATIONS DUR- 
ING A "ZERO" DAY— NEW YORK CONDITIONS 

This maximum however, obtains for only two or three hours at 
a time, during different days, averaging a total of eight to ten 
hours duration in a heating season having a possible 5000 hours. 
Records extending over 33 years show this to be a fair average, 
liven during the exceptional cold spell of the 1917-18 season when 
thirteen below zero was recorded, the total gives only 95 hours of 
zero and below. And this extreme established a record over at 
least 45 years, the previous record being only six below zero ; some 
years zero is not even reached in New York. These figures are 
mentioned to show that it becomes necessary to deal with averages. 

What may be expected in outdoor weather on a severe or zero 
day is shown in Fig. 5. The hourly temperature variations rec- 
orded, indicate that zero usually occurs during the night. Then if 
zero be the established maximum heating tax, it follows that with 
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a nearly fixed temperature indoors the tax on the system is highest 
when the outside temperature is lowest, and vice-versa. 

The maximum demand for heat, therefore, is shown to obtain 
only for very short periods. The average requirements for New 
York and similar localities are shown more clearly in Fig. 6. 
Typical fluctuations in outdoor temperature are recorded as during 
a day in the coldest and warmest month and the average for 
the season. A cold or zero day is added for comparison. The 
scale at the left gives the temperature and the right hand scale gives 
the corresponding tax on the heating system. This demonstrates 
why the tax on the boiler, or the amount of coal and steam used, 
is a proportionate variable of the outdoor temperature fluctuations. 
The relation is always between the prevailing temperatures and the 
maximum condition for which the heating system was designed. 
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FIG. 6. OUTDOOR TEMPERA 
TURE VARIATIONS DURING 
THE DAY FOR DIFFERENT 
PARTS OF HEATING SEA- 
SON—NEW YORK 
CONDITIONS 
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FIG. 7. GENERAL FLUCTUATIONS OF DAILY 
MEAN TEMPERATURES— JANUARY, 1916— 

NEW YORK City 



I'he average variations from day to day give, of course, a monthly 
average temperature and this in turn gives the corresponding aver- 
age demand for the month. In Fig. 7 are plotted the daily fluc- 
tuations for January 1916 in New York City. This diagram first 
appeared in Power Plant Engineering for September 1, 1918. The 
average for the month as shown was about 35 deg., while the 
average of minimum temperatures was 28 deg. and of maxima, 
43 deg. During the month the lowest temperature observed was 7 
deg. while the highest was 66 deg. The average for the same 
month over a period of 45 years is 31 deg. For the entire New 
York season the average over 33 years is 40.1 deg., while the 
1917-18 heating season with its record low temperatures showed 
an average of 38 deg. These figures are mentioned to show how 
well the averages referred to may be used with confidence. 
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What these averages are, for different localities, has been com- 
piled from the records of the Weather Bureau, and is presented 
in Table 5. The lowest observed, which is the extreme minimum 
temperature, is given in the first column, while the averages for the 
seven months of the heating season make up the body of the tabu- 
lation. The computed average for the season is given in the last 
column. 

This tabulation will serve as a basis for determining the relative 
requirements and tax on the heating system in different cities, with 
the aid of the formula herewith. In computing the percent demand 

It — Ot 

: Percent demand . 



Md 
where It = inside room temperature. 

Oi = prevailing outdoor temperature. 

Md = maximum temperature difference used in design. 

in this manner, it is important that the temperatures considered 
correspond to the conditions in that period of operation or else 
misleading results will be obtained. This means that the percent 
demand may be for a day, a week, a month, or the entire season, 
so care must be exercised in values for the letters in the formula. 

Another step in which the tabulation of outdoor temperature 
will be found useful, is in the determination of the division of the 
heating season. The formula in Table 6 must be used in this 

TABLE 5. AVERAGE MONTHLY OUTDOOR TEMPERATURE FOR 

33-YEAR PERIOD 
(Does not include cold snap of 1917-18 season) 

Lowest ,, , , . ^ Aver. 
Locality observed Month and Average Temperatures of sea- 
temp. Oct. Nov. Dec. Jan. Feb. Mar. Apr. son 

Albany, N. Y -24 50 38 28 22 24 32 46 34.3 

Amarillo, Texas .... -16 56 44 36 34 37 45 55 43.9 

Atlanta, Ga -8 62 52 45 42 45 52 61 51.3 

Bismarck, N. D -A4 44 26 15 7 8 22 43 23.6 

Boise, Idaho -28 50 40 32 29 34 42 50 39.6 

Boston, Mass -13 52 41 32 27 28 35 45 37.1 

Chicago, 111 -23 53 39 29 24 25 34 46 35.7 

Cleveland, Ohio .... -17 53 40 31 26 27 34 46 36.7 

Des Moines, Iowa . . -30 52 37 26 20 24 36 51 35.1 

Green Bay. Wis -36 47 32 21 15 17 27 41 28.6 

Harrisburg, Pa -14 54 42 33 29 30 38 51 39.6 

Indianapolis, Ind. ... -25 55 42 33 28 31 40 52 40.1 

Kansas City, Mo. ... -22 56 42 32 26 30 41 54 40.1 

Knoxville, Tenn -16 58 47 40 38 41 48 57 47.0 

Little Rock. ATk -12 63 52 44 41 44 53 63 51.4 

Louisville, Ky -20 58 46 38 34 37 45 56 44.8 

New Orleans, La. . . . 7 70 61 54 53 56 62 68 60.5 

New York, N. Y.... -6 56 44 34 30 31 38 48 40.1 



Digitized by 



Google 



Engineering Economics of Heating, M. W. Ehrlich 

O00o4->5000 



195 



f , 



15000 - 



lOOOO - 
9000- 
8000 



10000 
-9000 
-6000 

7000 
-«00 



jMoo-: g 

I 5000- -3000 1 

I 



$ 



I500--900 

:-«oo 

-TOO 

• : 

«00.r€OO 

900- : 
-500 

-300 




»2 2-1-2 
15 



as 3 



15 



Etphnation :- A une connecting fhrSei Ft. 
Rodtatron (Bf and fhe Hours (rfOprrafion 
^}gim o point on tttt hnt(D}as sbomt 
A!,n* fn>m this point conntcting wtftirt)t 
PwtntlkmandiA) gifts the Coal Re^iuift' 
mtnrfs at the inter section on fine (CJat 
indfcateel. 

Copy'ighi -1919. 



300 



FIG. 8. STANDARD FOR DETERMINING COAL REQUIREMENTS 
For all classes of buildings with steam and hot water heating systems under any 
condition of weather and operation. 

connection. As shown in the example, it can be easily determined 
what part of the total steam and coal requirements is represented 
by each month of the season. 

PREDETERMINING COAL REQUIREMENTS 

With this relation of weather to demand and coal consumption 
established, the figures have been assimilated with records of actual 
operation. The result is the master chart in Fig. 8. With its aid 

TABLE 6. DIVISION OF HEATING SEASON 

Steam and coal requirements for different months of the season, given as a percent of 
the toul. 

/t — Ot 

= Percent required . 

where It = inside room temperature 

Ot = prevailing outdoor temperature. 

N = sum of It — Ot for the different months considered. 



Example : 

It 

Ot 

It-Ot 

It-Ot 



Oct. 
70 
44 
26 



Nov. 
70 
26 
44 



Dec. 
70 
15 

55 



Jan. 

70 

7 

63 



Feb. 

70 

8 

62 



Mar. 
70 
22 

.48 



Apr. 
70 
43 Total = N 

27 



8 13.5 16.9 19.4 19.1 14.8 8.3 
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coal requirements for steam and hot water heating systems for any 
weather conditions in any locality for any number of hours oper- 
ation, may be determined graphically. No calculations are necessary 
and nothing remains to be assumed. The results it gives closely 
approximate actual conditions of fair operation because the human 
factor and other variables have been taken into account. A fair 
quality or grade of coal commercially clean is considered. The 
aim has been for a fair average value that represents a minimum 
of waste in the use of fuel for heating purposes. Therefore, a 
building using more coal than shown by the chart for that condi- 
tion is assumed to be wasting good fuel unnecessarily. 

The chart is primarily based on steam heating. Hot water 
systems have been added on the basis that 1.6 sq. ft. hot water 
radiation is required to give the same results as 1 sq. ft. steam 
surface. But hot water installations are more easily controlled, 
giving better coal economy, so this factor has been included. 

The chart also shows that there may be a slight gain in economy 
by the use of bituminous coal as against anthracite. However, the 
practical saving is not so great as relative heating values of the 
coals would indicate. This is due to the nature of soft coal and 
the way it is usually cared for on the grates under the boilers. 
There is some advantage to be gained though in having boilers 
suitable for either fuel. Then the coal market will show whether 
to favor one grade or the other. Whichever is the lower priced, 
that is the coal to use — if it is obtainable. 

STANDARDS FOR RADIATION 

The question may be raised as to what is meant by a square 
foot of direct radiation, as this factor is included in the solution 
of the coal problem by weather control. A query of this nature is 
well founded, for there is important need for deciding on standard 
coefficients of heat transmission through building materials, as evi- 
denced by the discussion in the October, 1910, issue of the Journal 
(page 97). There it was shown that on a simple problem of pro- 
portioning radiation for an office the answers varied so widely that 
one engineer would provide 234 sq. ft. radiation while another 
would install 343 sq. ft. to do the same heating. 

Naturally, such an important factor could not be overlooked in 
formulating: the master chart for it is one of the important com- 
ponents. It was found in many of the buildings considered that 
variation in radiation for a given wall and glass exposure, was 
not so great as the foregoing illustration would indicate. Still, 
some systems did vary widely from others, especially for small 
portions of the buildings, though the total radiation would tally 
near enough on the average. The radiations installed in these 
diflferent cases were all plotted and in that way were lined up. 
In such cases where the data would not line up, then the radiation 
was reduced to an equivalent heating surface corresponding to 
the figures shown in Fig. 9. All installations were checked against 
these values so that a square foot of radiation would mean the 
same in every case. 
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The chart, Fig. 9, gives a simple and rapid method of determining 
the radiation required for adequately heating a building. Knowing 
the material that is used in the building construction, and the net 
surface it exposes, it is only necessary to connect these values, on 
scales A and B, with a straight-edge and read the answer on scale 
C for either steam or hot water radiation. The cubic contents as 
well as other exposed surfaces, are figured in the same way, and 
the values found are added to give the total radiation for a given 
condition. The illustration shows that for a 16 in. brick wall 
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Mon-ths of Heating Season 

FIG. 10. MONTHLY COAL REQUIRE- 
MENTS AND TAX ON BOILER CAP- 
ACITY TO MEET CHICAGO 
WEATHER CONDITIONS 

exposing 190 sq. ft. to the weather, 13 sq. ft. of steam radiation 
or 21 sq. ft. hot water surface must be provided. 

PRACTICAL APPLICATION OF THE METHOD 

Now that the various points involved have been touched on, it 
is well to understand how these items are interwoven in obtaining 
practical results on the basis of weather control over heating. An 
example should serve the purpose. 

Take a system having 2000 sq. ft. direct steam radiation located 
m weather conditions giving a demand of 40 per cent. The hours 
of operation or the period during which steam is turned on during 
the season is 3800 hours in this plant. The problem is to find how 
much coal such heating plant would require to meet the given oper- 
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ating conditions. This is simply solved by connecting the known 
values with straight lines, as shown in Fig. 8. The answer found 
is 50 tons of anthracite or 48 tons bituminous coal. This means 
that the particular plant considered should use not more than 2.5 
tons of hard coal nor more than 2.4 tons of soft coal per 100 sq. ft. 
radiation during the season. The same total results would be ob- 
tained for a hot water system of about 3400 sq. ft. radiation opei- 
ating under the same conditions. The rate per 100 sq. ft. hot water 
radiation for the season would then be 1.41 tons soft coal and 1.47 
tons anthracite. 

lOO 
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Monies in Season. 

FIG. 11. BOILER CAPACITY 
UTILIZED OR TAX ON HEAT- 
ING SYSTEM DURING THE 
SEASON— CHICAGO 
CONDITIONS 

The considerations named apply even in the case of a combined 
heating and steam power plant. The amount of coal remains as 
given for the heating service. This subtracted from the total coal 
consumption of the plant and its equivalent gives a remaining quan- 
tity that shows the other useful service the coal has performed. If 
this figure is too high for the power load carried, some preventable 
loss probably exists and some action should follow to restore 
economy. 

For a monthly check in operating conditions to keep the coal 
bills at an equitable level, it is well to plot a load curve for that 
particular plant. The predetermined figures it gives serve as a 
check against waste and at the same time show the future require- 
ments. Such curve may be easily constructed with the aid of the 
information presented. The average weather conditions are taken 
from the tabulation, the indoor temperature is that maintained in 
the building while the division of the season and the percent demand 
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are obtained by the formulas. These figures will all be a percent 
of the total, and that total is in turn determined by the use of the 
master chart. 

To illustrate this, Fig. 10 has been prepared for Chicago condi- 
tions. To emphasize the fact that the heating system is not taxed 
to full capacity, the percent demand has been replotted in Fig. 11, 
showing more clearly that only a part of the maximum is utilized 
under the averages that prevail during the heating season. 

This, then, is the story of weather control over heating opera- 
tions. It is an attempt to formulate standards that are needed by 
the heating engineer. Of course wider experience with many more 
building conditions will help to check or modify the factors included. 
However, the main thought or idea here expressed, may prove 
novel in bringing out a definite relation between outside tempera- 
ture fluctuations and the work of a heating system. A desire for 
more accurately and more rapidly solving everyday prcAlems of 
plant economy, combined with a leaning toward analysis, has re- 
sulted in this work. And — it checks with practice to a close degree. 



DISCUSSION 

Prof. J. R. Allen : I notice in the table that during the month 
of October you give 8 per cent for heating in Pennsylvania, while 
in New York only 3 per cent. How do you account for that ? 

The Author : Adding the column of figures in the table shows 
that 8 per cent is correct. However, as explained in the text, this 
tabulation was the very first development in the application of the 
theory of weather control and the figures represent the records of 
actual conditions of cases taken in Pennsylvania and in New York. 
They are not the result of the application of my theory. 

The President: What is aimed at here is something that con- 
fronts us right along; that is, what is the average heating season 
and what is the average heat that is required in a system and so on. 
A very interesting point is the source of the information from which 
these factors are derived, and what quantities were used in deter- 
mining it. Sometimes we are upset by having two or three from 
one place and two or three from another; whereas if we had two or 
three hundred from one place and two or three hundred from an- 
other we would get an altogether different conclusion. 

I think it would be interesting to hear from Mr. Ehrlich as to what 
is the scope of it and the source from which some of this data 
was received. 

The Author : I want to make it clear that a new law is being 
propounded. If that law be assumed correct, then it is only neces- 
sary to check it against actual practice, or still better, prove it by 
practical application. Therefore the number of cases considered 
in this study would not go far toward the desired result because 
the basis is not an average coal consumption, but rather a rule that 
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gives the possible coal requirement for stated operating conditions. 
However, possibly two hundred actual cases from different sections 
of the country were analyzed and the data were used in checking 
the theory. Perhaps a reference to page 189, Fig. 3, will make this 
point clear. In diagram A are a few records of actual coal quan- 
tities used in different places. They are related to radiation in- 
stalled or the size of the plant. In one case the consumption was 
one ton per 100 sq. ft. for the season, while in another case it 
ran as high as 4 and in a third instance pretty close to 7 tons. I 
maintain that these cases are neither economical nor extravagant, 
but that there must be a reason for the large difference. 

In trying to find the reason why one is high and the other is low, I 
apply the theory that the weather control is a big factor, and the 
results line up as in diagrams B and C of the same Fig. 3, showing 
that when you take the number of hours into consideration, as in B, 
and the variable of relation of inside to outside weather, as in C, 
you will find that they all follow a straight line curve. Then 
Table 4, page 190, as well as the diagram on page 191, show simi- 
lar conditions, which should support my contention. There are 
ten buildings enumerated. Each one has a different total heating 
surface installed. The coal consumption in each case is slightly 
different per hundred square feet of direct radiation. The hours 
of the season, or the hours the plant was operated, also vary. 

Taking these instances, and relating them to the weather condi- 
tions as well as the size of the plant, the results are shown plotted 
in combination in Fig. 4. Now consider the amounts plotted 
against the square feet of direct steam radiation as indicated by the 
solid black triangles. It is seen that they are scattered all over the 
place, regardless of what the actual coal quantity may be per hun- 
dred square feet. But the moment the per cent demand is taken 
into consideration as proposed by the new law, the figures all line 
up as shown by the curve. So, it is seen, that regardless of the fact 
whether ten or a thousand actual cases are used, if the correct 
operating conditions are taken, the law will show that the figures 
of coal consumption line up according to the weather and hours 
of operation, as indicated in this diagram. 

Only on that basis is the composite chart with my standards, as 
I call them, prepared. Referring to this chart. Fig. 8, page 195, 
it wouldn't matter whether the houses had insulated walls or were 
of very leaky construction. The same theory would apply, for the 
simple reason that for a house of a given size, a larger heating sys- 
tem is installed than for a house of the same size in a warmer 
climate, or for the reason that the construction is different or made 
to suit the weather conditions. This is a fundamental in all calcu- 
lations in designing heating systems. Therefore, if the involved 
factors would all be applied in using the scales of Fig. 8, the 
result would doubtless come close to a relatively parallel consump- 
tion in a colder or warmer district when figured on the same total 
losses. This goes to show that it all comes down to an understand- 
ing of the factor I call "per cent demand" which may he ex- 
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as the difference between the inside room temperature, and 

de prevailing temperature, divided by the maximum tem- 

Hfference used in the design, as for example, zero, minus 

atever it may be. And at one per cent demand, one 

radiation operated for one hour will always use the 

of coal, commercially recognized as fairly economical. 

TAMs: I would like to ask Mr. Ehrlich, where, in 
ottom of page 187, he establishes a formula of coal 
V he arrives at his division by 10,000,000. 

This formula was simply one of the steps in the 

theory and new law here presented. If I am 

ees fairly well with the results given by the 

tioned. The factor 10,000,000 really repre- 

tions and complexities that enter into the 

"iest way I can explain it off-hand. It is 

Jlation, multiplication, division and mathe- 

isn't it really on the question of B.t.u. 
^usion, using 6,000 as the basis of the 
lultiplying that by 2,000 would make 
\t the way you arrive at that? 

100,000 is not a straight multiplica- 

"ted. The full explanation of this 

•ch 5, 1918. The details are not 

■^ formula is shown merely as a 

my work. The final data are 

*lear, however, that the basis 

ictor of 10,000,000 equal to 

ula would read "Radiation 

But, this is not the case 

•^ou can check the results 



Digitized by 



Google 



No. 517 

BY-PRODUCT COKE 

By Wm. T. Harms 
Member 

THE use of by-product coke is quite general in the metal- 
lurgical works throughout the middle west. The uniformly 
even quality of this fuel is quite well understood and appre- 
ciated by foundrymen; its high fuel value in the domestic field 
however is not so well established. Gas house coke has been used 
for years, it is true, but is not generally accepted as a substitute for 
anthracite coal, yet with the necessity of conserving anthracite, due 
to increased consumption caused by the war, it becomes a very 
pertinent question, particularly in the middle western states, where 
not even high grade bituminous coals are plentiful, and such as are 
used must be transported to a considerable distance with the conse- 
quent high freight cost. In every community there are many heat- 
ing appliances that are not adapted to bum these bituminous and 
semi-anthracite coals, and even in such as are designed to bum 
these coals, there is almost always a great loss, largely of the volatile 
matter which escapes as more or less dense smoke and soot, to 
vitiate the atmosphere, clog up smoke pipes and chimneys, and 
which are apt to ignite, sometimes causing serious fires. 

By-product coke represents a fuel distinctly different in character 
froili gas house coke, being lower in volatile matter, higher in 
fixed carbon, and very much harder and denser in structure, and 
when burned in the usual house heating boiler or hot air furnace 
under proper conditions, acts in a manner similar to anthracite 
coal. Ihasmuch as practically all of the valuable constituents of the 
coal are extracted, separated and saved, to serve the vital needs of 
peace and war, we have here true coal conservation — in fact the 
writer feels that in the not too far future all or practically all 
bituminous coals iised for domesfir heatiner will be coked. As we 
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cleanly methods of heating our homes and those of our fellowmen, 
a description of the method of manufacture of coke in by-product 
ovens will be attempted, not to go into all the technical details of 
the operation, but to give an outline showing that by reason of the 
great care exercised in the preparation of the coals used, this. is a 
really high grade fuel. 

In passing:, it must also be said that about two-thirds of all coke 
manufactured is produced in the so-called bee hive oven; also 
that the first by-product ovens in this country were built in 1892 
when the Semet-Solvay Co. installed 12 ovens at Syracuse, N. Y. 
The rate of by-product oven building is such that in a very short 
time the tonnage produced in this type oven will have passed the 
older type of bee hive oven. This is due largely to the fact that 
the coke yield is greater in the newer type oven, also that a great 
many coals can be successfully coked that would not make a satis- 
factory product in the bee hive oven. 

As generally constructed a block of by-product ovens consists of 
from 40 to 60 narrow rectangular chambers adjoining each other, 
each approximately 2 ft. wide, 36 to 40 ft. long and 8 to 10 ft. high. 
The interior side walls are constructed with either horizontal or 
vertical flues, built of a special grade silica brick, which will stand 
a working temperature of approximately 1,600 deg. cent. The 
fuel gas burned in these flues is that portion driven off the coal 
charge in the latter part of the coking period, and is leaner than 
that which is driven off in the first 5 to 6 hours. The first gas, 
known as rich gas, is usually distributed direct or through some 
gas company, for illuminating or heating in cities. 

Air for combustion supplied to these flues is preheated 500 to 
1,000 deg. cent, either in recuperators or regenerators, the latter 
being the most generally used in modern plants. This heat is 
abstracted from the waste gases on their way to either waste heat 
boilers or boiler feed water economizers, from where they enter 
either a stack or are exhausted to the atmosphere by some type 
of fan. 

The ovens are filled to within about 1 ft. of the top with finely 
pulverized coal, it being the usual practice in by-product plants to 
mix or blend the coals in order to obtain certain characteristics in 
the resultant coke, viz. density, cell structure, ash, sulphur, phos- 
phorus, etc., all of which have an important bearing on the use to 
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breakers (or bins) where it is reduced approximately to 1J4 in. 
cubes and smaller, the greater part of the slate and rock being 
removed from the coal in these breakers. Belt or other conveyors 
deliver the coal from here to bins from where it is measured (two 
or more kinds at the same time) into hammer mills, or some other 
type of pulverizers, where it is reduced to such a degree of fine- 
ness that approximately 85 per cent will pass through a }i in. screen. 
It will be quite clear from this that any slate or rock that may be 
present in the coal as it comes from the breakers, is ground up fine 
and thoroughly disseminated throughout the mass of coal that comes 
from the pulverizer at this time, and this explains why the ash 
content of coke is usually but 1 to 2 per cent higher than that of 
the coal from which it is made. Although it requires about 1J4 tons 
of coal to produce one ton of coke, the difference is in the volatile 
matter that was driven off as gas, ammonia, tar, benzole, cyanide, 
and other constituents, that are separated out, and collected. 

The pulverized coal is delivered to an oven from which the fin- 
ished coke has been pushed (and the discharge doors of which have 
been again hermetically sealed gas tight with luting clay) by means 
of an electrically operated charging car. After remaining in the 
oven for a period of from 14 to 18 hrs., and subjected to a tem- 
perature of 1,400 to 1,600 deg. cent., so that the volatile constituents 
have been driven off to below 1 per cent, the red hot mass of coke 
is pushed out by an electrically-operated pusher ram and drops 
into an iron quenching car onto which a stream of water is allowed 
to play until the fire is extinguished. It is then allowed to drain 
for about 10 to 15 minutes, after which it is dumped into a hopper 
and dehvered onto a slow moving picking belt conveyor, where the 
spongy and imperfectly coked portions are sorted out by hand and 
thrown into a: set of roll crushers. All coke on the conveyor is 
discharged into a large screen having 3 in. square openings, where 
all undersized coke is screened out and delivered to the roll crusher ; 
all over this size is called foundry coke. The latter is delivered 
directly into box car loaders, or loaded by means of chutes into 
rack cars. 

The coke that has passed through the roll crusher is known as 
domestic coke and is usually conveyed into an elevated bin where 
it is passed over screens, and sized. In general the sizing of coke 
follows that used for anthracite coal, everything passing over V/j 
in. openings being classed as egg, over 1 in. as nut, over !/^ in. 
as pea ; all that passes through the latter screen is however usually 
called coke breeze. In some plants this breeze is sized still further 
into buckwheat, rice and dust or fine coke; however, this cannot 
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be done without previous drying as this breeze usually conUins 
from 5 to 16 per cent moisture, which causes the screens to clog 
very rapidly, and the moisture therefore must be reduced to bebw 
2 per cent before the screening can be dcme satisfactorily. 

A few years ago an effort was made to dispose of this breeze 
in one large coke oven plant, by briquetting it with bituminous 
coal This failed however to be a commercial success, because 
of the tremendous abrasion to which every part of the machinery 
was subjected, Even though the mechanical details had been suc- 
cessfully worked out and a satisfactory fuel could be produced on 
a commercial scale, the cost of repairs and renewals proved pro- 
hibitive and the attempt was discontinued. 

Many attempts have been made to dispose of this breeze coke 
in the past. It has been used as a boiler fuel, and when burned on 
pin hole grates with about 9 per cent openings with a forced draft 
of about 2 in. water, an evaporation of about 7 lb. per lb. of coke 
has been obtained, but it required special skill in firing to obtain 
any results. 

At the present time large quantities of this breeze are consumed 
by the electro-chemical industries which formerly crushed the large 
sized coke down to their requirements, but found this expensive. 
Owing, however, to the irregularity of the ash content of the breeze 
coke it was for a long time unsatisfactory, and means had to be 
developed to remove this objectionable feature. Some 5 years ago 
the author devised an apparatus by which this was accomplished 
and large quantities are now used to manufacture carborundum, 
cyanimide. calcium carbide, aluminum, etc. 

The buckwheat and pea sizes of coke are used to a considerable 
extent in house heating boilers and furnaces designed with maga- 
zine feeds with excellent results, but owing to the fact that coke 
is lighter than anthracite, the firing periods are somewhat shorter, 
or if it be desired to use this fuel exclusively, a boiler about 
one size larger than required for anthracite coal should be selected. 
This also holds good in the case of the larger sizes of coke when 
burned in the usual surface feed boiler or furnace, a deep fire pot 
being desirable. Because of the lightness of coke a deeper bed 
must be maintained, which also avoids cHnkering troubles to a 
great extent by avoiding high local temperatures, and it presents 
more stable combustion conditions, as well as permitting better 
reerulation of room temperature because of lengthened firing periods. 

It has been found beneficial to admit d portion of the air supplied 
for combustion, above the fire bed, through the check draft usually 
supplied in th^ firf^ door of a boiler or furnace, to assist in burning 
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the carbon monoxide. Quite a number of flue gas determinations 
made by the writer with this damper open and closed seems to 
substantiate this. 

The smoke pipe damper should be opened wide just before 
shaking the grates for the removal of ashes, after which the fire 
should be replenished with a fresh supply of coke, and dampers 
closed about one-half. When the gas appears to be burning freely 
on the surface of the fuel bed, all subsequent regulation should be 
obtained by means of the check draft in the smoke pipe or boiler 
breeching, rather than by the volume damper. This of course 
presupposes the existence of a normal draft; should the draft be 
less than normal, the volume damper should remain wide open at 
all times. It is a well known fact that coke can be burned in a 
salamander, which is nothing more than a section of enlarged iron 
pipe, without any chimney connection whatever. This property 
has enabled coke to give perfect satisfaction in certain instances 
where the draft available was not sufficient to bum anthracite satis- 
factorily. This is an important advantage and has been the means 
of putting coke into many homes. 

It is advisable to wet down the ash pit contents prior to shaking 
the fire, for owing to the fine and fluffy nature of coke ash it will 
spread over the basement floors unless this be done. This also 
seems to reduce the tendency to clinkering of this fuel. The usual 
impression is that grates are quickly destroyed by using coke; this, 
however, is not the case, for unless gross carelessness is practiced, 
either by shaking fires down too severely or allowing ashes to accu- 
mulate underneath grates to such an extent as to prevent their 
being cooled by the air supply to the fire, their life will be just as 
long as when other fuels are used. Another common objection often 
heard is that as the gas has been taken out of coke, its fuel value 
is considerably lessened. The following proximate analyses of coke 
taken at random clearly show how erroneous this view is: 

Volatile Fixed 

Matter Carbon Ash Sulphur 

Egg Coke (Dry) 0.93 90.69 7.38 0.581 

Nut Coke (Dry) 1.69 88.58 8.51 0.612 

Pea Coke (Dry) 1.49 90.93 7.55 0.750 

Buckwheat (Dry) 1.96 86.58 11.46 0.765 (Cleaned) 

Weight per cu. ft. as loaded in cars (moisture about 3 per cent) 

Foundry 30 lb. 

Egg 31 lb. 

Nut 35 lb. 

Pea 40 lb. 

Note. — Above coke was made frdm mixture of 82 per cent Kentucky high volatile 
and 18 per cent Pocahontas. Both were below 7 per cent ash. 
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Usually there is about one dollar difference per ton in favor of 
coke, and in practice it is found that one ton of coke will go as far 
as one ton of anthracite, with proper manipulation of fires. This 
coupled with the ability of building up a fire very quickly and its 
entire smokelessness, makes it a highly desirable fuel. A very com- 
mon mistake is often made in selecting coke prepared too large, the 
egg size often giving trouble from excessive clinkering due to rapid 
combustion, and consequent high local temperature. Sometimes the 
air passages are so large, particularly with thin fires, that fires are 
found to have been extinguished thereby. The nut or pea sizes 
are to be recommended for use generally in nearly every type of 
house heating appliances, and in the experience of the writer have 
proven to be very much easier to control than bituminous coals. A 
great deal more might be said in favor of this fuel, but this will, 
however, suffice to give a general idea as to the suitability of by- 
product coke as a substitute for anthracite coal. 

DISCUSSION 

The President: The efficiency of foundry coke depends alto- 
gether on how large it is. With very large pieces of coke sometimes 
it is impossible to keep a fire. But we found that in the handling 
and rehandling of the coal from the time of shipping to the time 
of delivery at the house it gets broken up; so by a little mixing I 
get along very well with it, and by learning how to handle it a great 
deal of satisfaction can be obtained. A great many people are 
having trouble with gashouse coke. That may be due to a differ- 
ence in the quality of gashouse coke as made today or to people 
not studying the conditions under which they had to fire it. 

Mr. Easter : That a ton of coke is equal to a ton of anthracite 
coal in heat units may be qualified somewhat due to the variable char- 
acter of coals used for coke making. Coke shows a greater range 
of content other than heat units than the average anthracite coaL 

The commercial process of making coke, whether in beehive or 
retort ovens, will not change the character of the coke from that of 
the coal from which it is made to any great extent. 

The principal forms of non-combustibles in coking coal consist 
of bone coal and slate, ash ranging from 10 to 20 per cent, much 
of which cannot be separated before coking and becomes impreg- 
nated within the coke structure, while the ash content in the average 
anthracite coal is not over one-half that of the best coke, hence the 
greater loss of fixed carbon in the ton of coke. The slate and bone 
in anthracite coal is more accessible for separation from the coal 
in the preparation for shipment than is the case with coke. 

It seems a mystery just what the ingredient is which causes the 
carbon in a certain grade of coal to knit together and form a hard 
metallic cake in the coking process, while coke made from other 
coal of practically the same analysis has little or no crushing strength. 
The structure of coke is variable, some is so light in weight that 
there is considerable stack loss as compared with anthracite coal. 
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REPORT OF WEATHER BUREAU COMMITTEE 
of Eastern Pennsylvania Chapter 



The zcork of the above Committee which has aroused 
interest throughout the Society, was reported at the 
Annual Meeting of 1919. In submitting this preliminary 
report, however, it has been deemed advisable by the 
Weather Bureau Committee, in vteiv of the unusual char- 
acter of this ivork, to place on record a statement, setting 
forth the events, which finally terminated in the forma- 
tion of this Committee in 1917, and an explanation of its 
object, 

REPORT OF COMMITTEE 

ABOUT six or seven years ago during the earlier stages in the develop- 
ment of spray type humidifiers and dehumidifiers for use in con- 
nection with humidifying, cooling or low temperature drying plants, 
those engaged in this field would receive inquiries from manufacturers re- 
questing estimates for air conditioning plants including refrigerating ap- 
paratus for maintaining say, for instance, 70 deg. and 60 per cent, relative 
humidity, and in many cases stipulating that we figure on taking the air 
from outdoors entirely or partly at a maximum condition of say 95 deg. and 
90 per cent relative humidity or even higher, this maximum condition being 
based on the daily weather reports as issued by the local weather fore- 
casters in different parts of the country. During this period it was a custom 
of the weather forecasters to issue to the daily papers temperature readings 
taken at 8 A. M., 2 P. M. and 8 P. M. and relative humidity readings at 
8 A. M., and 8 P. M., but no relative humidity readings at 2 P. M. In the 
morning and evening the temperature is usually the lowest during the day and 
the relative humidity the highest. The absolute humidity or the weight of 
moisture in a given space usually remains approximately constant during the 
.day, so obviously as the temperature rises to its highest point, the relative 
humidity would be the lowest. 

It might be of interest to cite an example of what this would mean. Assum- 
ing the temperature in the morning was 70 deg. and the relative humidity 
90 per cent, further assuming that the air temperature rose to 95 deg. during 
the day and the absolute humidity remained constant, we would in the morn- 
ing have a wet bulb temperature of about 68 deg. fahr. and a moisture 
content of about 100 grains per pound of air. As this air would rise in tem- 
perature to 95 deg. the wet bulb temperature would be about 75% deg. and 
the relative humidity would be lowered to about 39 per cent. 
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From the daily weather reports, however, one not understanding the 
situation would get the idea that the relative humidity at 2 P. M., when 
the temperature was 95 deg., still was 90 per cent, which would mean a 
moisture content of about 230 grains per pound of air and a wet bulb 
temperature of about 92 deg., and as everyone knows, such a condition 
is utterly impossible in nature; as a matter of fact, it is extremely rare 
indeed that the wet bulb temperature goes above 80 deg. fahr. As 
a further point of illustration it is of interest to state, that the difference in 
refrigeration required to cool the air in the case mentioned would be approxi- 
mately 6H tons per 1000 cu. ft. of air handled. 

These matters were exceedingly difficult to explain to some of our clients 
who, considering Uncle Sam a pretty good authority, would not or could 
not be convinced. 

The Chairman of this Committee, who then was manager of the air 
conditioning department for Warren Webster & Co., took occasion in 
October, 1911, to call upon Prof. W. L. Moore, Chief of the Weather 
Bureau in Washington, D. C, explained our troubles to him, pointed out the 
importance of the matter and asked if it was not possible to have local 
forecasters in different cities publish simultaneous readings of temperature 
and relative humidity at 2 P. M. as well as morning and evening. Prof. 
Moore, however, politely informed him that the weather reports were issued 
primarily for the benefit of shippers and not for manufacturers and he 
could see no reason for disturbing the routine of the Department and 
declined to make any changes in the daily weather reports. About three 
years later Prof. C. F. Marvin was elevated to the office of Chief of the 
Weather Bureau and your Chairman, in March, 1915, called on Prof. Marvin 
in Washington and covered the ground again. Prof. Marvin was exceedingly 
broad-minded and gracious in the matter and stated that he could readily 
see the importance of the requested change and expressed a willingness to 
co-operate in the matter so long as the changes would not involve increased 
expenses of the Department, since he could not exceed his appropriations. He 
asked that a written request be mailed to him and your chairman wrote htm 
giving the foregoing facts. He received the following reply: 

United States Department of Agriculture 

Weather Bureau. 

Office of the Chief, 

Washington, D. C, March 16, 1915. 
Mr. Wm. G. R. Braemer, 

Mgr. Air Conditioning Dept., Warren Webster & Co., 
. Camden, N. J. 
Deai- Sir: 

Replying to your communication of the 8th instant, relative to the publica- 
tion of midday humidity readings, I beg to inform you that action will be 
taken looking to the publication of these data at the Weather Bureau Sta- 
tions where found practicable. 

Very respectfully, 

(Signed) C. F. MARVIN, 

Chief of Bureau. 

During the summer of 1915, your Chairman had occasion to visit the prin- 
cipal cities of the country and found one or more papers in each city pub- 
lishing simultaneous temperature and humidity readings morning, noon and 
evening. So far, so good, but the end was not yet rea.ched. In December, 
1915, your Chairman received a letter from' Mr. A. S. Armasmac of the 
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We understood that through your cflForts these midday humidity readings 
were to be taken, and we would ask you if you can give us any information 
in this connection showing why we cannot obtain them. 

Thanking you in advance for your courtesy, and awaiting your reply, we 
remain, 

Very truly yours, 
HEATING & VENTILATING MAGAZINE CO. 
(Signed) A. S. ARMAGNAC, 

President. 

Prof. Marvin was then communicated with again on January 4th, 1916, and 
reply was received from him January 12th, as follows: 

United States Department of Agriculture 

Weather Bureau. 

Office of the Chief, 

Washington, D. C, January 12, 1916. 
Mr. William G. R. Braemer, 
Warren Webster & Company, 
Camden, N. J. 

Dear Sir : 

In reply to your letter of January 4th, 1916, relative to midday humidity 
readings, I beg to say that investigation develops the fact that these data, as 
determined by observations taken at noon, 1 P. M. or 2 P. M., are pub- 
lished in the daily press at forty- four of our •stations, as shown by the list 
herewith. 

Our observers have never been required to enter these data on regular 
forms for permanent record, and we are unable to say whether or 'not any of 
them keep a retained copy of the readings. The matter of having a per- 
manent record made of these readings will be taken up for consideration. I 
remember very distinctly that at the time of your call at the Weather Bureau 
concerning this matter, I pointed out that if these observations were pub- 
lished in the daily papers there would be no retained record of the same, and 
my understanding was that this arrangement was satisfactory to you, al- 
though, as I believe I pointed out, the information hereafter would be avail- 
able only in the newspapers. 

At fifteen of our stations, as shown by the accompanying list, self-recording 
hydrographs are maintained, and sheets containing the records of these 
instruments are on file at this office. We shall be glad to furnish any data 
from them that you may desire. 

Very respectfully, 

(Signed) C. F. MARVIN, 

Chief of Bureau. 

From this it was evident that there was a misunderstanding somewhere, 
undoubtedly due to the ignorance of your Chairman v^rith reference to 
detailed workings of the local Weather Bureau offices, his impression 
being that a record would be kept in each local office of whatever was issued 
to the papers in the way of reports. 

It was the pleasure of your Chairman to give an illustrated talk on the 
subject of Air Conditioning at the first regular meeting ever held by this 
Chapter, at which time these perplexing matters were brought out, and 
President (Tassel! appointed the Weather Bureau Committee, consisting of 
E. T. Murphy, H. P. Gant, and Wm. G. Braemer, to investigate conditions 
and report to the Chapter suggestions for accomplishing the desired results, 
the intention being for Eastern Pennsylvania Chapter to refer these reports, 
modified or otherwise, to the Society at the Annual Meeting for further 
action. 
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In July, 1917, the Committee dividing the work, communicated with the 
Weather Bureaus throughout the country requesting: 

1. — A copy of their daily weather reports issued to the local daily papers; 

2. — Information as to whether permanent records of these daily reports were 

retained ; 
3. — Copy of the reports issued monthly. 

An immense amount of reports, daily and monthly, with explanations, was 
received and a study of the situation in general was of great interest 
Summing up the data received by the Committee it was found that: 

1st — The individuality of the local forecasters in each case largely determined 

the subject matter and form of reports. 
2 fid — That permanent records of all reports were retained in the offices in 

many instances. 
3rd — That in some instances no record was retained of daily reports to papers 

as such reports were given over the telephone. 
4th — That in some cases newspapers selected from written daily reports 

their matter published, thus often omitting essential features. 
5//i— That the monthly reports usually state the relative humidity at 8 A. M., 

at 2 P. M. and 8 P. M., but simultaneous temperature readings are not 

given, but only the daily maximum, minimum, and mean temperatures. 

The maximum temperatures the records show are not necessarily at 2 P. M. 
but may be at 3 or 4 P. M., the selection of readings at 2 P. M. apparently 
being merely a matter of convenience. Lately we understand that the midday 
readings have been changed to 12 o'clock noon because the forecasters' 
offices close at 12 o'clock Saturday. 

To the systematic engineer, all* these features may seem confusing, but 
considering that as Prof. Moore said, the weather reports were gotten up 
primarily for shipping interests, not concerned about the features which 
interest us, there is nothing strange about the situation. The work in con- 
nection with the Committee has given us an opportunity to get a glimpse 
of the inside of the Weather Bureau and to get an idea of the really wonder- 
ful work which is being accomplished there and the difficulties which are 
to be overcome. We realize therefore that we are treading on delicate 
ground in venturing to offer suggestions, but we nevertheless believe firmly 
that the time has come that the manufacturer should be given his share of 
consideration in connection with the daily and monthly reports issued by 
the Department, to the end that daily reports through papers include 
simultaneous temperature and humidity readings, and the monthly reports 
this same information, for permanent records and reference. 

One can scarcely name an industry which is not affected one way or 
another by the atmospheric conditions, and as a matter of interest, it may 
be well to call to your attention that even during the comparatively short 
life of the air conditioning business, over 110 essential and important in- 
dustries have found it necessary to take a vital interest in accurate informa- 
tion as to daily temperature and humidity conditions, some industries for 
their very existence in competition and others for the improvement of their 
product. It will also be well to point out that air conditioning is as yet only 
m its infancy but has already revolutionized many important industries. 
These large groups of manufacturers are entitled to consideration from tlie 
Weather Bureau. 

Your Committee therefore desires to make the following preliminary 
recommendations : 

A. That a standardized daily report containing simultaneous temperature 
and humidity readings be issued to the newspapers and filed in the per- 
manent records of the local offices. 

B. That these observations be made at 8 A. M., at 2 P. M., and at 8 P. M. 
unless the operation of the offices makes the 2 P. M. reading impracticable 
in which event it might be taken at noon. * 
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C. That the standardized daily report contain an addendum covering 
data essential to local industries. 

D. Inspection of many forms of daily reports leads your Committee to 
suggest the adoption of the attached form of daily report, with such addenda 
as local conditions may require. 

£. That a monthly report of standard form be adopted and issued with 
such addenda as local conditions may require. 

F. That such monthly report should contain the simultaneous daily tem- 
perature and humidity readings and if this for any reason is found imprac- 
ticable, that these monthly reports contain daily humidity readings morning, 
noon, and evening, and hourly temperature readings for each day of the 
month. 

G. With a view towards greater accuracy and more useful industrial in- 
formation it would be desirable if points of observation were not located 
in the hearts of large cities, as fabrication and manufacturing processes 
usually are carried on in the outskirts of the cities and in adjacent towns 
which look to the cities for their climatic data. 

We attach herewith a copy of a monthly report issued by the local Weather 
Bureau with the suggestion that such monthly report might perhaps be issued 
to better advantage m a pamphlet form. 

Respectfully submitted, 

Wm. G. Braemer, Chairman f 
S. E. Plewes, 
E. T. Murphy. 
January 9th, 1919. 



DISCUSSION 

W. G. R. Br.\emer: The Committee has other suggestions in 
mind and I should like to see the Society appoint a Weather Bureau 
Committee to look into this matter further and present a request 
to Prof. Marvin so as to get this matter standardized. 

Frank K. Chew : I move that a committee of five be appointed 
to take up the matter of having a better Weather Bureau report 
made for the benefit of the citizens of the country. 

Frederic F. Bahnson : I would like to second that motion. To 
illustrate how little people seem to appreciate the importance of this 
matter of humidity, I found at one of the instrument manufac- 
turers on 14th St., New York, that in their entire stock no two 
hygrometers read within 10 per cent of each other. When this 
was mentioned the maker stated that if I made the purchase of one, 
he would set it for me. When asked what he was going to set it by, 
he said, "I will telephone the Weather Bureau and ask what the 
humidity is and then set that hygrometer." The Weather Bureau 
was then on top of the Whitehall Building, at the Battery, three 
miles away — and he had sling psychrometers in stock. 

I find that kind of ignorance is prevalent all over the country. 
They don't seem to realize what humidity is. The question of hu- 
midity is really of as much or more importance in the conservation 
of coal and kindred problems as the question of dry bulb tempera- 
ture ; and if the activities of this Committee can be extended so far as 
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to Start some sort of campaign of education among the engineers of 
the country, myself included, to emphasize the importance of that 
humidity question, I think it would be very well worth while. 

One more point I would like to mention which should be highly 
interesting to the Society. I had occasion, or rather one of my 
assistants did, to go over all the Weather Bureau's reports of the 
City of St. Louis for the past four or five years. They had data on 
record from a recording thermometer and a recording hygrometer, 
and we found that the 10 :00 P. M. readings of humidity were al- 
most exactly the 24 hour average for each 24 hour period. It is a 
most interesting series of curves. 

The President: Did that apply throughout the year? 

F. F. Bahnson : Yes ; on any normal day the 10 :00 P. M. hu- 
midity will be the average for the 24 hours. It is a surprising thing 
to me, but it seems an absolutely constant condition, checking out 
accurately within the limits of error of observation for daily-monthly 
averages throughout the years on which we obtained data. Whether 
it would hold for other localities I, of course, do not know. 

W. G. R. Braemer : It may be of interest to state further that 
Prof. Marvin told me a couple of years ago that some years ago 
the Weather Bureau attempted to issue in the daily weather report 
the sensible temperature. The sensible temperature more closely 
approximates the wet bulb temperature than the dry bulb tempera- 
ture, but it is not exactly the wet bulb temperature, and besides into 
the sensible temperature enters the human element a great deal, so 
that they gave it up as a bad job. 

But I do think that the wet bulb temperature is an important point 
to be considered, and perhaps something might be embodied in our 
final report in connection therewith. 

The President: A motion has been made and seconded to ap- 
point a Committee of five on Consultation with the Weather Bureau 
for the standardization of the weather report, and with the par- 
ticular view of obtaining simultaneous readings of temperature and 
humidity during the day. 

The motion was carried. 
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THE SEMI-ANNUAL MEETING 
1919 

American Society of Heating & Ventilating Engineers 



THE Twenty-fifth Semi-Annual Meeting of the American 
Society of Heating and Ventilating Engineers was dis- 
tinguished by several unique features. It witnessed, in the 
Research Bureau of the Society, established at the Bureau of Mines 
and then commencing active work, the consummation of a cherished 
plan. Furthermore, it celebrated the inauguration of Pittsburgh 
Chapter, which was organized early in the year and is making 
rapid progress in membership and activity. Another interesting 
feature was the accomplishment of the plan for a joint session 
with the National District Heating Association at which topics of 
mutual interest were discussed and the feeling of co-operation and 
friendliness, that exists between the two organizations, was inten- 
sified. 

The Meeting was held on June 10, 11 and 12, 1919, at the 
William Penn Hotel, Pittsburgh, Pa., and constituted the forty- 
eighth regular meeting of the Society. It was well attended and 
was characterized by the engineering value of the papers presented 
and the spirit and scope of the discussions. 

The registration at this Meeting was fairly large in view of the 
opportunity afforded to many to attend the joint meetings of the 
two organizations, there being 81 members registered, and 48 guests, 
a total registration of 129. This meeting marks the return of the 
more favorable conditions that preceded the war, so far as indus- 
trial conditions and facilities of railroad travel are concerned. 

The professional program of the meeting was unusually inter- 
esting in view of certain special subjects discussed under the 
symposium plan. At the opening session special attention was 
devoted to the question of schoolhouse ventilation, there being two 
papers of unusual interest and a committee report that add materially 
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to the Society's fund of valuable information on this important 
subject. Another important occasion was the joint session with 
the National District Heating Association when the papers of 
particular interest in connection with steam heating were presented 
and discussed. 

The special session held at the Bureau of Mines Laboratories on 
June 10th, was undoubtedly the most important feature of the 
meeting as it was held at the site of the newly-established Research 
Bureau of the Society, and gave the visiting members and guests 
the opportunity of coming closely into contact with the wonderful 
facilities for research there provided. At this session the members 
listened to a most interesting report of the Committee on Research, 
and following this there were two papers of special interest in 
connection with research, one, a paper on Dust Determinations, 
by Hill and Armspach ; and the other a statement on Furnace 
Research, by A. C. Willard. These were very favorably received 
and discussed, and the visiting Members then inspected the exten- 
sive laboratories at the Bureau. 

After the professional session at the Bureau of Mines on Tuesday, 
the Members met at the Carnegie Library, which immediately 
adjoins the Bureau on the west, and viewed some of the wonderful 
exhibits there, among them the art and architectural collections. 
The entire party then returned to the top floor of the Bureau of 
Mines Building and enjoyed an excellent dinner served at the 
Bureau of Mines' cafeteria, which amply demonstrated the com- 
pleteness of the equipment of the Laboratory. 

Following the dinner the party visited the Carnegie Institute of 
Technology, which adjoins the Bureau of Mines immediately to the 
east and south. Here an opportunity was given to visit the archi- 
tectural and art exhibition room where some splendid examples of 
student work were examined and an admirable performance of 
Shakespeare's "Twelfth Night" followed, which performance was 
given by the students of the Dramatic Arts department of the 
Carnegie Institute of Technology, through the courtesy of Prof. 
S. E. Dibble, for the entertainment of the visiting Members and 
guests. 

An excursion up the Monongahela river to the McKeesport works 
as guests of the National Tube Co., was the feature of the last day 
of the convention. On reaching McKeesport, the men in the party 
landed to inspect the works and learn how steel tubing and pipe 
are manufactured, while the ladies remained on board for a further 
ride up the river before rejoining the men for the homeward trip, 
the return to the wharf in Pittsburgh being made at 7 p. m. 

The entertainment for the joint convention was in the hands of 
a Committee, representative of Pittsburgh Chapter of the Society 
and of the National District Heating Association. It was composed 
of Professor S. E. Dibble, Spencer Brittain, C. W. Wheeler, J. C. 
Hobbs, Elmer B. Plapp, G. C. Blackmore and C. C. Choffin, to 
whom hearty thanks is due from those who shared the benefit of 
their careful planning and successful accomplish^nent. 
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The papers presented at the Meeting are shown in the following 
program : 



PROGRAM OF SEMI-ANNUAL MEETING 

FIRST SESSION 

Tuesday, June 10, 10 A. A/. 

Welcome Address. 

Response by President. 

Annual Reports of Chapters. 

Illinois New York 

Kansas City Western New York 



Ohio 
_ _. , . Eastern Pennsylvania 

Michigan Pittsburgh 



Massachusetts 

Michigan 

Minnesota St. Louis 



Report of Committee to Co-operate with U. S. Navy Dept. 

Report of Committee on School House Standards. 

Paper : 

Qassroom Ventilation, by Konrad Meier. 

Paper : 

Heating and Ventilating the Standard School House, by J. D. Cassell. 

SECOND SESSION 
Tuesday, June 10, 2 P. M. 

. PROFESSIOXAL SESSION 
at Bureau of Mines Laboratories 

Report of Committee on Research. 

Paper ; 

Continuation of Work in Dust Determinations, by Dr. E. Vernon Hill 
and Otto W. Armspach. 

Paper : 

Progress Report on Furnace Research, by Prof. A. C. Willard. 
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THIRD SESSION 

Wednesday, June 11, 10 A. M, 

PROFESSIONAL SESSION 
Paper : 

Utilization of Sprinkler System Piping for Heating, by A. W. Moulder. 

Paper : 

Remodeling a Heating System, by Helen R. Innis. 

Paper : 

Heating and Ventilating Systems at the U. S. Government's Smokeless 
Powder Plant, at Nitro, W. Va., by G. W. Hubbard. 

FOURTH SESSION 

Wednesday, June 11, 2 P. M. 

PROFESSIONAL SESSION 
Joint Meeting with National District Heating Association \ 

Report of Committee on Standard Rules for Computing Direct Radiation. 
(Committee of National District Heating Association.) 

Paper : 

Industrial Uses of Superheated Steam, by Alexander Bradley. 

Paper: 

Capacities of Reducing Valves for Steam Heating Systems, by James 
A. Donnelly. 

FIFTH SESSION 
Thursday, Jun^ 12, 9.30 A, M. 

PROFESSIONAL SESSION 
Paper : 

Cracking of Cast-Iron Sectional Hot-Water Boilers, by C. R. Honiball. 

Paper : 

Conservation of Coal by Saving Exhaust Steam in the Textile Indus- 
tries, by Wm. B. Hoyt. 

Paper : 

Combustion, by Morgan B. Smith. 
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No. 520 

REPORT OF THE COMMITTEE ON RESEARCH. 



THE Committee elected at the last Annual Meeting was called together 
for an organization meeting on March 10th at 12.30 P.M. at the En- 
gineers' Club, New York City. At this time the Chairman's selection 
of the Research Executive Committee consisting of Perry West, Homer 
Addams, A. T. Lewis and G. W. Martin, together with the Chairman, was 
approved by the Research Committee. Mr. Perry West was elected Vicc- 
Chairman of the Research Committee. 

The Executive Committee was authorized by the Research Committee to 
enter into a contract with the U. S. Bureau of Mines, which contract we 
wish to advise has now been attended to and signed, and copy is attached to 
this report. 

The Committee approved of the publication of a prospectus of the Bureau 
of Research which was published practically in full in tne April issue of the 
Journal, and has been reprinted for use in soliciting funds. A second edition 
has just been found necessary. 

The Committee authorized the Chairman to appoint a sub-committee of 
five to be known as the Subjects Committee, to determine the subjects on 
which research should first be undertaken. The Chairman appointed on this 
sub-committee Prof. John R. McColl as chairman, Prof. S. E. Dibble, H. M. 
Hart, Dr. E. V. Hill, Perry West. 

The Research Committee also instructed the Executive Committee to make 
a contract with Dean John R. Allen of the University of Minnesota to act 
as Director of the Bureau of Research and in accordance with these instruc- 
tions the Executive Committee met Dean Allen at 9 A.M. on Thursday, 
March 27th, at the Fort Pitt Hotel, Pittsburgh. In addition to Messrs. Lyle, 
Addams and Lewis of the Executive Committee, Prof. John R. McColl and 
Prof. S. £. Dibble attended this meeting, and spent the day in inspection of 
the Bureau of Mines' laboratories and in consultation with Dean Allen. 
A proposition was made to Dean Allen which he took under advisement, and 
he later wired his acceptance. The contract has been made with Dean Allen, 
and this has been signed and is now on file in the Secretary's ofhce. 

On May 19th, a second meeting of the Executive Committee was held, to 
which were invited all the members of the Research Committee and the 
Council of the Society. At this meeting we had in attendance Messrs. Homer 
Addams, G. E. Bennitt, Dr. E. V. Hill, John R. McColl, A. S. Kellogg, 
Perry West and J. I. Lyle of the Committee; President W. S. Timmis and 
Secretary C. W. Obert, and Director of Research John R. Allen. This 
meeting was called primarily to confer upon the co-operation of the Working 
Conditions Service of the U. S. Department of Labor with the Society in 
m^^^^^^u *r^fti4■^^t, Th^ \A7'^*i,:«« r,^^Au: c^^^m/.^ -^-^= . ^-^...„. 
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A most pleasant and profitable conference was held in which it was agreed 
that each of the parties would feel perfectly free to call upon the other for 
any assistance that might be expected in research matters. It was pointed out 
that no doubt the Society could give the Working Conditions Service a great 
deal of assistance in technical matters, and that the Working Conditions 
Service could undoubtedly be of great use to the Society in supplying data 
on actual field observations on heating, ventilating and air conditioning plants. 
That evening the Committee had the pleasure of meeting with the New York 
Chapter and attending their annual dinner. 

On the following day, a meeting was held of the Research Executive Com- 
mittee with Director of Research Allen to determine upon the budget for 
the year, beginning August 1, 1919, when the Research Bureau will actually 
be put into operation. The budget is as follows : 

Salary of Director and assistants $11,000 

Office supplies 500 

Traveling expense 1,000 

For supplies needed for investigation of heat $1,500 

For ventilation 4,500 

For subsidizing work in other institutions 1,500 7,500 

Total $20,000 

I desire to point out that probably the most important resolution of the 
Committee and one affecting its operation very materially was adopted at the 
meeting on March 10th, and reads as follows : 

"Moved that in order that the activities of the Research Bureau shall 
be above reproach, it is the sense of the Committee that no tests, ex- 
periments or research shall be conducted for compensation." 

Director Allen will enter upon his duties on Aug. 1st, and we feel sure he 
will be able to report to us very material progress by the annual meeting. 

In conclusion will state that to date we have subscribed approximately 
'$18,000. The Bureau of Mines will contribute in rent, salaries, service, etc. 
the first year approximately $25,000, and in succeeding years probably as 
much as $30,000. Our budget calls for $20,000 for the first year, $18,000 of 
which we have subscribed at this time. We want to raise at least $25,000 if 
possible before we conclude this year's quota. We believe that it will be easy 
to add to these subscriptions in succeeding years after we have begun to 
show results. The whole Committee is more than pleased at the way the 
Bureau has been received and the liberal manner in which contributions have 
been made. 

J. I. Lyle, Chairman, 

Committee on Research. 

AGREEMENT BETWEEN THE UNITED STATES BUREAU OF 

MINES AND THE AMERICAN SOCIETY OF HEATING 

AND VENTILATING ENGINEERS 

Whereas, the Research Committee of the American Society of Heating 
and Ventilating Engineers proposes to create an organization to conduct 
scientific investigations relating to efficient and economical heatmg and ven- 
tilating and allied subjects, and 

Whereas, the Bureau of Mines is conducting investigations concerning 
the efficient use of fuels, efficient ventilating and kindred subjects, and 

Whereas, the objects of the two organizations are identical or similar 
and the work of each would be supplemented and strengthened by combining 
efforts and opportunities, 

Therefore, it is hereby agreed to cooperate in certain investigations to be 
agreed upon and by methods to be amplified in detail along the following 
lines : 

(1) The Bureau of Mines will furnish at its Pittsburgh plant, office 
and laboratory space, light, power, heat, water, and other general facilities 
common to all section work. 
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(2) Will grant the use of shops, supply room and artisan service on 
the same basis as other section work, except where such service exceeds the 
available resources of the Bureau. The Committee may maintain an employee 
under the sole direction of the Bureau organization to supplement these 
services. 

(3) The Bureau of Mines^ will contribute to the cooperative work the 
advice and counsel of its engineers and chemists and under the direction 
of the Bureau one fuel engineer at $3,000, one assistant engineer at $1,800 
and one assistant at $1,200. 

(4) The Bureau of Mines will contribute the use of such equipment as 
may be available for such work. The title to property shall not change by 
its cooperative use. 

(5) The Committee will contribute to the cooperative work an organ- 
ization consisting of a Director of Research at a salary of $5,000 per year 
or more; a stenographer at $1,040, and Assistant Director at $2,400; and 
such other assistants as may be required, and that the Society will expend 
each year for this work not less than $15,000. 

(6) The Committee organization will conform to the same rules and 
regulations of the administrative officer of the Bureau as other Bureau 
sections. 

(7) All notes, observations, computations, manuscripts, and other work 
relating to cooperative investigations shall be available and for the use of 
either party. 

(8) For the usual cooperative work both parties shall have concurrent 
rights of publication at such time and in such manner as shall be mutually 
agreed, but in each case publication shall mention on the title page or in 
opening paragraphs the work as being done under the cooperative agree- 
ment between the Society and the Bureau of Mines. 

(9) Special work very largely in the field of one party may be under- 
taken by mutual agreement and as for exclusive publication by one party 
only. 

(10) The Chief Mechanical Engineer of the Bureau shall be ex-officio 
a member of the Research Committee of the Society. The Bureau of Mines 
shall be represented on special committees of the Research Committee by 
some one other than the member actually engaged in the investigation. 

This agreement shall terminate June 30, 1920, or on sixty days* notice 
by either party and may be amended or renewed year by year, as may be 
agreed. 

(Signed) Van H. Manning, Director, U. S. Bureau of Mines. 
Approved: July 21, 1919, (signed) John W. Hallowell, Asst. to Secretary. 
(Signed) Walter S. Tim mis. President, American Society of Heating and 
Ventilating Engineers. 
Approved: July 14, 1919, (signed) C. W. Obert, Secretary. 
Approved by Research Executive Committee, June 16, 1919. 

(Signed) J. I. Lyle, Chairman. 



REPORT OF CHAIRMAN OF SUB-COMMITTEE ON 

SUBJECTS 

It is the consensus of opinion of the Sub-committee, that we start out with 
three distinct objects simultaneously, as follows: 

1. Collect and digest all valuable existing data from every available 
source, whether now in printed form or otherwise. The purpose of this, of 
course, is to note what of value has been accomplished and how much of it 
we can use as reliable data representing progress to date. 

2. Standardize all instruments and methods of testing. The purpose of 
this is to establish uniform conditions of arrivinju: at conclusions, so that all 
results can be properly compared, and to ascertain what degree of accuracy 
all instruments should give in order that the results may be reliable. 

3. Begin at once on actual research work. Amonj? the various subjects of 
major importance suggested by members of this Society and particularly by 
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those who have been contributors toward the Research Fund, we have 
selected the following as the initial ones to take up. In this connection, it 
was decided that certain things could be undertaken in the Research Labora- 
tory of the Bureau of Mines, in conjunction with this Department of the 
Government, while other things could be carried on, in parallel with^ these or 
along separate lines, in various outside institutions, particularly universities, 
some of which have offered their laboratories and their engineering staffs 
for this outside research work. In conformity with the suggestions received 
from man^ of those interested in the work, the Committee decided to classify 
its operations under the headings of "inside" and "outside" work. 

Under the classification ''inside work," it was decided to undertake the 
following subjects: 

o. Determine what constitutes proper ventilation ; in other words, what are 
the basic air conditions that contribute properly to health and comfort. 

b. Test direct radiation. This, of course, is a very wide field, covered 
quite thoroughlv in some phases by a great many years of elaborate testing 
by Professor Allen and others. It is the purpose to undertake first the 
question of radiant heat from direct radiators somewhat along the line that 
Professor Allen has been conducting tests at the University of Minnesota', 
in order to separate radiant heat from heat of convection. 

c. Make determinations of infiltration. The methods and extent to which 
these tests will be conducted have yet to be worked out. 

d. Determine heat losses through various building materials. This is a 
large field upon which a great deal of data more or less reliable has already 
been secured, but there is yet much definite information to be obtained. 

e. Investigate the proper sizes of supply and return lines for direct radia- 
tion. There is such a variation in the present practice, with a tendency 
probably to over-sizes rather than under-sizes, that reliable information as to 
proper 'sizes will be of great value to all concerned. 

Under the classification "outside work," some universities have already 
offered to work with us in conducting tests along the following lines : 

a. Test building materials for radiation losses and probably for infiltration. 

b. Test radiators for radiant heat in our laboratories by methods similar 
to those purposed above. 

c. Tests of pipes buried in the ground or otherwise installed as under- 
ground lines. 

d. Tests to determine the conditions in buildings that constitute proper 
ventilation. 

J. R. McCoLL, Chairman, 

Sub-Committee on Subjects of Committee on Research. 



DISCUSSION 

J. R. McCoLL : — A great many have responded, I am glad to say, 
to requests to submit subjects. I presume the most we can expect 
at this time will be to get suggestions and comments, and present 
suggestions. 

One thing we consider of prime importance, one of the first 
things to do, is to search the existing records, papers and tests 
available and. make a full digest of what has been done up to this 
time. 
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The President: — Mr. West has outlined a very comprehensive 
program and this and other communications will serve as a guide 
to the committee having charge of the selection of work to be done. 
These suggestions fall into four classifications. First, a determina- 
tion of the ideal physical conditions; second, a determination of 
the ideal means for producing those physical conditions; third, the 
testing of the apparatus which is now in use ; and fourth, a determi- 
nation of the cost of operating various classes of apparatus. 

Reference has been made to the desirability of collating, sifting 
out and publishing the data, buried in our archives and other places. 
There is a vast amount of dependable information scattered through- 
out our proceedings of twenty-five years, through textbooks, etc., 
and it seems that it might be profitable to have one of the early 
branches of the work take the form of collating and publishing 
under the name of the Society and bearing its seal of approval, 
such information as can pass the scrutiny of the Committee and of 
the Director. Such information would not necessarily be put out 
as final, but as progressive, to be added to or modified from time 
to time as experience would indicate to be desirable. In connection 
with this, it may be interesting to note that The American Society 
OF Mechanical Engineers is now considering the desirability of 
changing its policy with reference to the publishing of recom- 
mendations. It may be wise at this time to take up the question 
of whether it is not desirable to be a little more positive and less 
passive than in the past. In other words, the seal of approval has 
been given with great reluctance to any specific thing. We might 
now consider the possibility of putting out information which may 
not be the last word but will represent, as nearly as practicable, 
the state of the art at this time. 

Mn West may have something to say about the precedence which 
these various elements of his recommendations would take with 
the committee. 

Perry West: — It seems to me that the foregoing suggestions 
properly fall under three heads. One is standardization, another 
classification and correlation of data, and the other, original research. 

We do not have to go very far to see that there is an endless 
number of items under the head of standardization and under the 
head of collection of data that are pressing for attention. At the 
same time it seems to me that the subject of original research is the 
more important. Much standardization and much collection of data 
must be accomplished, however, before this original research can be 
properly conducted because this original research must b-^. conducted, 
not only here, but in other institutions and in different parts of the 
country, so as to obtain as much corroborative data as possible. 
This is what we mean to do. Dr. Hill and other pioneers have 
settled a great many of these subjects so far as the engineers are 
concerned, but they are not settled for the public. A mass of 
corroborative data is necessary to settle them. 

Now take the standardization question as regarding the ther- 
mometer for instance. Thermometers can be obtained that are 
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accurate within all the way from 5 per cent to 5/100 of 1 per cent ; 
it is immediately a question what grade of thermometer is necessary 
in the determinations regarding heating and ventilating. That will 
be an important subject to study. It is the same with dust counters. 
Dust counts are to be made on different buildings and comparative 
results will be required for different buildings and for diflferent 
tests. Of course this will require a standard method of testing 
for dust counters. 

The same with measuring the velocity of air. We all know 
that, with an anemometer, almost any imaginable result may be 
secured out of a duct or register, and the same with the pitot 
tube. It is imperative to get down to some standard method of 
measuring such a simple thing as the velocity of air. 

Take the measurement of humidity ; the government standard for 
this measurement is not accurate within a very large percentage. 
Sling instrument results depend altogether on how fast they are 
slung or upon the persons using them. The results with the sta- 
tionary instrument depend altogether upon how it is used. I saw 
one this morning in the National District Heating exhibits that 
consisted of two thermometers to be projected into a duct, one, the 
wet bulb, and the other, the dry bulb, with an instrument between 
to calculate the relative humidity. Now the relative humidity 
reading obtained will depend altogether on the air velocity in that 
duct. 

So far as I know such troubles exist with every standard for 
test determinations we have. 

But while all these questions afford a big field for the work of this 
bureau, still, it is the original research in the defining of proper 
heating and ventilating conditions and the determination of proper 
methods for maintaining these conditions that is important and, 
while these other subjects should be carried on simultaneously with 
this research work, they ought to be subordinated just as far as 
possible and considered only when they are absolutely necessary 
to insure the results as far as the other questions are concerned. 
As has been said, the question we are rightly interested in is "what 
is proper heating and ventilating?" Then when that is known, 
the next question is how to secure it. We are not so deeply in- 
terested in what the exact pipe size shall be to supply a heater or 
a radiator, or within a fraction of a per cent of how much heat a 
radiator or fan heater will give off, as we are in whether that fan 
is needed, whether that radiation or that radiator is needed, and 
the number actually necessary. 

The question Mr. Hart brought up this morning about rating 
engineers is a live one. He is perfectly right when he says that the 
rating of the operating engineer, whether a civil service rating or 
a casual rating that is not a technical rating at all, is based very 
largely upon how much coal he uses, and the service given in 
heating and ventilating is not weighed against that. The reason 
it is not weighed is that there is no method of weighing it. The 
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public has no fixed unit with which to weigh the value of proper 
heating and ventilating against improper heating and ventilating. 
It does not know the social, economic and commercial value of 
good heating and ventilating. 

The design and perfection of apparatus should, I believe, be 
left to the manufacturers for the present, as they are a long way 
ahead of us when it comes to perfecting and producing apparatus 
to do what we want done. 

The President: — Perhaps one of our members, a very worthy 
member, for whom we have a very high regard, a man who has 
made a great sacrifice for this Bureau of Research, should be heard 
from on this important subject. I am going to take the oppor- 
tunity of calling on Director Allen to speak. 

Director Allen: — Undoubtedly, as Mr. West has said, there 
are three things you must consider: the investigation and collec- 
tion of data in regard to tests that have been made, the question 
of standardization and the question of research. 
• Now before taking up any particular research work the first 
thing to know is what has been done before. That involves, of 
course, a thorough investigation of previous experiments to see how 
accurate they have been and how reliable they are. There is no 
necessity of doing anything that has been done before and done 
well. In such investigation one always finds a great many things 
undone that should be done, and those are the things that we must 
take up as our research problems. 

, Research work is, in a way, very unsatisfactory.* I remember 
starting an experiment which I thought would take me about three 
ihonths. That same experiment has been worked 'on for about 
ten years and is only just started. One can't tell whSre' he is going 
to land when he starts. So I bespeak your patience since there 
are a great many fundamental questions to consider that will take 
a long time to solve. 

In regard to heating, we are not very certain of even some of the 
very simple; questions. According to the textbooks heat transmis- 
sion through glass is 1. If you go into the laboratory and experi- 
ment you will have quite a different opinion. We get heat trans- 
mission through glass anywhere from 0.6 to 1.48, depending on 
the conditions. 

There are a great many problems coming into these questions that 
will take time, careful consideration and patience to solve. What 
I ask for above all, is the cooperation and the assistance of the 
Society in carrying on the work of research. I thank the members 
of the Society for the compliment in making me Director of this 
Research work and trust that my services will be satisfactory to 
them. 

[ H. M. Nobis : — Do I understand that you test cast-iron boilers 
tx) find the- efficiency? 

. The President :— It may come within the province of the Bureau 
of Research to make certain tests to determine, not the specific 
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performance of a specific boiler, but some of the characteristics of 
boilers in general. 

H. M. Nobis: — I think that is one of the weak points, at the 
present time that the public should be guarded against, the deficien- 
cies of cast iron boilers. A great many boilers are manufactured 
that are not suitable and people use them that should not. 

J. R. McColl:— I think it is the sense of the Research Committee 
that when such work is undertaken it should be more or less 
thorough, not taking up one or two individual boilers and basing 
results on those, but undertaking a thorough series of tests of 
boilers of the same type and making the various conclusions so as 
not to isolate one boiler and its performance from the performance 
of others. That is a subject which I have no doubt will be under- 
taken. 

E. V. Hill: — Mr. Perry West gave a classification of the 
work that the Research Committee should undertake as follows: 
correlation of existing data ; standardization of methods and in- ' 
struments; lastly, research. I agree with him that these three 
branches of the work should be undertaken in exactly that rotation. 
The important thing, as Professor Allen stated, is to determine, 
first, what has been done in the past, that is, the correlation of 
existing data ; then we should standardize instruments and methods, 
and lastly proceed with the research work. It is clear to me that 
the actual research work is the third step. If a mechanic is asked 
to turn out an instrument on a lathe he will first look at the sample 
and determine how it has been done in the past; second, he will 
design and construct the tools necessary for the work, and lastly 
he will place the material in his lathe and turn out the instrument. 
In this way he will make a good job of it provided he is a good 
mechanic. That is the exact procedure in this case. We must 
see what has been done in the past. We must examine existing 
data regarding tests and other work and make an historical study 
of our subject, next standardize our methods and instruments and 
then we are ready to proceed in a logical manner with the research 
work. 

James A. Donnelly: — I have in mind a couple of correlative 
matters that I wish to bring up at this meeting on research 
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field research. The different chapters of the Society might be 
called upon for local committees for field research work and for 
the collection of data that might exist in that line. 

One other matter comes to mind. What are we going to do 
with all these data after collecting them? We want to make the 
best use possible of the data. We want to be of assistance. I 
believe one of the greatest fields of usefulness the chapters, the 
different societies throughout the country can have is to start a 
campaign of educational work, perhaps along rather elementary lines, 
to meet the needs of those who have not had either wide laboratory 
or wide research experience. 

I should like to contribute for the use of the Research Bureau, 
two pieces of apparatus (Fig. 1). For making tests with thermom- 
eters in the field, where it was necessary to get into wrought iron 
pipe and very inconvenient to carry along drills and apparatus, I 



FIG. 1. INSTRUMENTS PRESENTED TO RESEARCH BUREAU BY 
MR. JAMES A. DONNELLY 

evolved this large swedging tool or center punch, which we drove 
into the pipe instead of drilling holes. It turns down a little of the 
metal and gives an extra thread or two. We have also this thermom- 
eter with a nipple reduced to J4 in. A man who sees his plant 
punched full of Yi in. holes thinks a great deal of damage has been 
done. I would recommend that we make J4 in- holes in wrought- 
iron pipe and plug them up always. 

P. J. Dougherty: — In reference to the duties of the newly 
established Research Bureau we realize its most important function 
will be to establish standards. It is to be hoped that the standards 
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Bureau will give the following suggestion some thought and con- 
sideration. 

There are three parties responsible for the successful working of 
a heating plant, the owner, the heating engineer and the manufac- 
turer. Because of the absence of a recognized standard, in case 
of trouble with the heating plant, irrespective of where the fault 
really lies, the owner blames the heating contractor and he, as 
a rule, the boiler manufacturer, who in his turn accuses the owner, 
and so it continues. 

The bureau should define the responsibilities of these three par- 
ties. It should define the responsibilities of the owner as to draft, 
fuel, care and operation of plant and building construction. What 
is a standard draft under various conditions, what is a standard 
and proper fuel, what are proper care and proper methods of 
operation, etc. ? 

As regards the heating contractor, what is a standard heat loss 
rule under various types of building construction? When the 
heating contractor has complied with that rule, instead of com- 
pelling him to increase the size of a radiator that heats up prop- 
erly, the services of the carpenter or plasterer may be needed to 
bring the building construction up to the standard of the plans 
and specifications and thereby reduce the heat loss. What are 
standard valve sizes, riser sizes, main sizes, etc. How far are the 
fitters responsible as to the proper setting up and construction of 
boiler, mains, etc.? 

As to the manufacturer's responsibility in rating his boiler, what 
is a standard length of firing period with the various kinds and 
grades of standard fuels and the various types of buildings, such 
as residences, apartments, public buildings, etc., with and without 
janitor service? What is the analysis and nature of standard fuels? 
What draft intensities are permissible? What quality of steam 
at outlet under various overloads? What is meant by a firing 
period in reference to adding fuel, shaking grates, slicing, poking, 
or levelling the fire, etc. ? 

The standards for soft coal must be different from those of hard 
coal. As regards hard coal a boiler can develop its rated capacity, 
for say 8 to 12 hr. as a firing period, without recharging fuel or 
touching the fire or grates in any manner. Because of the nature 
of soft coal, no updraft or downdraft boiler could carry its rating 
for any such period without at least slicing, poking or levelling 
the fire. 

The research bureau established at the University of Illinois 
by the National Association of Warm-Air Furnace Manufacturers 
is doing wonders in showing the fallacy of old haphazard rules- 
of-thumb and establishing new standards and in showing how un- 
reliable the anemometer and pitot tube with its inclined manometer 
are in measuring low flow velocities as met in warm-air furnace 
practice. 

The Chicago Master Fitters Association is also doing a great 
work in raising the standing of the heating business and its mem- 
bers by establishing standards of heating practice. 
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It is your duty as engineers to establish standards and thereby 
let the manufacturers know what you want. You will always find 
them only too glad to meet you more than half way. As to how the 
manufacturer shall design his apparatus to comply with your 
standards, that is strictly up to him, for the same reason that no 
reputable engineer would permit an owner to dictate to him how 
he should design a heating plant for the owner's house in order to 
give the owner the results he rightly demands. 

It is to be sincerely hoped that whatever standards you establish 
will stand the test of time for generations to come. 

Frank T. Chapman: — I am entirely in accord with the line the 
Society is following and entirely satisfied that the most important 
subjects will be taken up first. 

The President: — I wish to draw attention to one of the rea- 
sons, I think the main reason, that this Society is so successful. 
We have with us to-day not less than four past Presidents. That 
is a remarkable record. We have heard from two of them, Dean 
Allen and Mr. Lyle. I would like to ask Mr. Hart and Mr. Hale 
to speak on this matter of precedence of work for the Research 
Bureau. 

H. M. Hart: — Mr. Donnelly touched on one point that appeals 
to me especially and that was research work in the field. There 
might be a tendency in the local chapters to leave too much on the 
shoulders of the Research Bureau and become stagnated in their 
own work. I can see that already in our Chapter, when subjects are 
brought up for discussion, where formerly a committee was appointed 
to make an investigation and report, we now say, "let's refer it to 
the Research Committee." 

So I want to emphasize the importance of the chapter work. If 
we are to keep up the interest in our work we must keep the chap- 
ters busy and they must do their part. They must not form the 
opinion that the Research Bureau is going to do all the work for 
the Society. 

I believe that everyone appreciates the fact that there is an 
endless amount of work that can be done, and I do hope that all 
the members will do their part in keeping up the interest in this 
work, so that we may have more funds and get proportionately 
greater results. 

I have made it very clear to the people from whom I have 
solicited funds, that they should not be disappointed if at the end 
of five years they do not know everything there is to know about 
heating and ventilation. We hope to find out a great deal that is 
constructive, but we must not raise their hopes too high, as for 
several years we cannot expect very much that will be along help- 
ful lines. 

There were a great many people who seemed to be averse to 
signing a pledge for five years. They seemed to think that they 
wanted to put up their money for the first year and then, if the 
results looked pretty good, to continue. To such people I said that 
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there would be no results the first year; that if at the end of the 
first year some new standards of methods and instruments had 
been adopted and some research work already done had been 
reviewed and approved, they should be well satisfied. I hope that 
we will have the continued and growing support of every concern 
that derives a livelihood from the heating and ventilating industry. 
This is something that they are all interested in and we should be a 
committee of the whole to see that they are informed of what this 
Research Bureau is for and that they give it not only their financial 
support but their moral support in every way. 

John F. Hale: — In connection with the remarks made by Mr. 
Kart, I would suggest to the Committee on Research that they 
take under advisement the question of giving to each chapter the 
task of investigating a given subject in the volumes we have on 
file. If each chapter were given the task of investigating every- 
thing that has been done or said regarding a specific subject as 
recorded in our bound volumes or on file in the Secretary's office and 
should then make a report to the Committee on Research it mi^ht 
be of great value to them in determining what more they wish 
investigated and would perhaps be a guide for their future activities. 

S. E. Dibble : — Ever since I thought of the Bureau of Research 
I have had it in mind as a vision, an ideal vision, and I will tell 
you what appealed to me. I have seen coming to the Director of 
the Research Bureau located here in Pittsburgh various chapters 
and members of the Society with suggestions and with the results 
of tests that they have made. He in turn has taken these, gone 
over them and had them backed with complete data and figured out 
correctly. I think it is the consensus of opinion of the majority of 
those who spoke this afternoon that we must get data and sug- 
gestions from the various members and chapters and let the Bureau 
of Research go over them and correct them and make sure that 
they are absolutely right. 

Another idea is that, after the scientific results are figured out 
according to the best known instruments, we must make the ap- 
paratus and get it out into the field and erected. And the results 
will amount to nothing unless some kind of standard is established 
for the men who do the work. 

It is a very frequent occurrence to find a piece of apparatus poorly 
erected and wrongly connected, possibly in the piping, and thus 
capable of destroying absolutely the effects sought. Technical re- 
search may be dependent upon a steamfitter's problem in making a 
correct connection. 

G. E. Bennitt : — I notice that the discussion has been about the 
collection of data, standard instruments and method of tests in 
general, but that no one particular subject has been selected. For 
instance, I do not believe that all the existing data on heating should 
be collected first, but that one subject should be selected for a start- 
ing point and a standard method of test determined so that the 
field work that some of us are doing can be made available. I 
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think that something specific should be taken up to-day so that 
those of us who are doing this laboratory and field research work 
can shape our work toward getting something done quickly. 

The PREsroENx: — Mr. Bennitt is in a position to utilize a well- 
equipped laboratory devoted to gas research, and his remarks are 
very timely. It may be well, however, to state that a committee 
for this purpose has been formed and that this committee is now 
seeking enlightenment on the wishes of the Society. It is seeking 
the co-operation and suggestions of the Society as a whole and 
doubtless the committee will make very specific suggestions and 
arrangements for particular work to have precedence. 

We are extremely fortunate in having the co-operation of the 
American Gas Association, the Bureau of Standards, the Bureau 
of Mines and other organizations. 

One very specific suggestion, made in reference to Mr. Hart's 
remarks regarding our inability to produce anything the first year, 
is that we might, within the year, publish the results of our in- 
vestigations in previous years, properly revised bv the Bureau of 
Research. The Director of the Bureau of Research, the Committee 
on Research, can thus present something. It is true that it would 
not be the character of research that we have in mind, that is, the 
development of something new, but it is research nevertheless, to 
classify and publish the known dependable characteristics of heat- 
ing and ventilation. 

Frank K. Chew: — I want to talk about the job the membership 
has before it of backing up the work of the Research Committee. 
The thing that impressed me at the Annual Meeting was that there 
were only 180 out of 800 members of the Society who had pledged 
themselves to make contributions to continue the work. Every 
member's job is, first, to be sure he has done his duty by sub- 
scribing, and, second, to be sure his neighbor has done the same. 
The Chairman says more money must be raised and the Society 
owes it to the Committee to back up the splendid work that has 
been done. I want to say right here that we are very fortunate 
in having in Professor Allen a man who has been growing. Every 
time I have talked to him he has had some new idea and versatility 
is one of the things that we need. We have for Director a live 
man, an up-to-date man, one interested in all things going on. 

Reverting to the subject of finances, I do not know what pro- 
visions have been made for appropriations from the different 
chapters, but it might be helpful for the Finance Committee to say 
to each Chapter, "How much is your Chapter going to give?" 
Individual chapters already have done some work on collection 
lines: they can do more. It would be the greatest of mistakes to 
let this grand work get to this point and then stop. We are now 
pledged to an extent where we must "carry on," as they said on 
the other side of the ocean. We must not fail. The Society has 
vindicated the twenty-five years of its existence in the accomplish- 
ment of this work and it must carry it through. 
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J. I. Lyle: — Mr. Chew gives me an inspiration. I have looked 
over this audience and there are a little over fifty members here. 
We have about $18,000 subscribed. Our budget for this year is 
$20,000. I turned to Mr. DriscoU and asked him if he could divide 
50 into 2,000 and he said 40. I said, "Will you give $40 a year 
for five years?" He said, "You put me down for that. I will 
either give it or raise it." Frank Chapman said he would do the 
same thing. Who else will either undertake to give $40 or raise 
$40 for this Bureau of Research? Stand up, so. we can count you 
and take your names. Can't we get fifty of you who will under- 
take to raise $50 ? We have one man in New York who has raised 
$1,500 in little subscriptions. He has not a subscription in that 
$1,500 list of over $50. 

A Member: — Is that to be credited to the chapters as they go 
along? 

J. I. LvLE : — Yes. 

A Member : — Do I understand that this is to be for one year or 
five years ? 

J. I. Lyle : — Five years, $40 a year for five years. 

The Member : — I want to say that the Company will contribute 
$40 each year for five years. 

(A number of other subscriptions were offered which were noted 
by Secretary Obert.) 

J. I. Lyle : — How many of you instead of pledging yourselves to 
get $40 will undertake to raise it if possible, without an absolute 
pledge ? 

(A number of members raised their hands.) 

J. I. Lyle: — We have 15 that pledge $40 and we have 6 that 
will if they can. 

E. V. Hill: — Mr. Chairman, may I suggest that some sort 
of literature or prospectus be provided for the members and other 
ways and means of introducing this subject to people whom they 
wish to interest? 

The President: — Such a document has been distributed. The 
Philadelphia Chapter was forwarded 200 of those documents. There 
is a new edition of them now printed and we are in position, so the 
Secretary announces, to distribute additional copies. Just write 
for them. 
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REPORT OF COMMITTEE ON SCHOOL HOUSE 

STANDARDS 

YOUR Committee appointed to cooperate with the Committee 
of the National Education Association on Standardization of 
School House Planning and Construction presents the fol- 
lowing report of progress : 

One of the more important matters before the Committee of the 
National Education Association has been the definitions and stand- 
ards for types of school house building construction. The defini- 
tions which follow have been accepted by Committees of the Asso- 
ciation of School Accounting and Business Officials of Public 
Schools, National Fire Protection Association and the American 
Institute of Architects. 

Types of School House Building Construction. 

1. Class A. A building constructed entirely of fire resistive ma- 
terials, including its roof, windows, doors, floors and finish. 

2. Class B construction means a building of fire resistive con- 

struction in its walls, floors, stairways, and ceilings, and with 
wood finish, wood or composition floor surface and wood con- 
struction over fire-resistive ceiling. 

3. Class C construction means a building with masonry walls, fire* 

resistive corridors and stairways, but with ordinary construc- 
tion otherwise, i.e., wooden joists, partitions, roof and finish. 

4. Class D construction means a building with masonry walls but 

otherwise ordinary or joist construction and wood finish. 

5. Class E construction means a frame building with wood above 

foundation, with or without slate or other semi-fire-resistivc 
material on roof. 
Note. — From a life safety standpoint Class B buildings may be grouped 
with those of strictly fire- resistive construction. 

Next in importance we would place the rules which have been 
framed for measuring a school house plan. These rules numbering 
twenty are as follows : 

1. Every foot of space of the area of the building is to be in- 
cluded in the tabulation. The sum of the areas of the base- 
ment and each floor is called 100 per cent. Tabulations are 
to be checked until the sum of the various space items check 
within J^ of 1 per cent of the total area. 

2. Line of measurement for area of all floors is to be taken at the 
outside of exterior walls. Deduct all recesses which are the 
full story height. 
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3. The area of basement floor is to be measured from same line 
as outside wall of first floor. 

4. Compute each floor and mezzanine separately. 

6. The area of light wells, courts, air shafts, etc., are not to be 
included in floor areas. 

6. Areas of arcades, open porches, uncovered corridors, pergolas 

and open air theatres or auditoriums, are to be figured sep- 
arately. 

7. In rooms and auditoriiuns, which extend through more than 
one story, the area of such space shall be deducted from the 
floor or floors through which it extends. 

8. In the case of an assembly hall or gymnasium which has a 
balcony, the area of such balcony shall be taken separately. 

9. In figuring walls or partition areas, no door or window open- 
ings shall be deducted but the wall shall be figured solid as 
though no openings occurred. 

10. Exterior walls and interior partitions are to be figured the 
finished thickness including any lath and plastering. 

11. Large piers occurring in rooms are to be deducted from floor 
areas and added to wall areas. 

12. Flues are to be figured to include all surrounding walls and 
partitions except interior walls and partitions figured under 10. 

13. Chimneys are to be figured in as flue areas. 

14. Where closets or bookcases or dead spaces occur in a bank of 
flues, they are to be figured in as flue area. 

15. Stairs extending a full story in height are to be taken as stair 
area. Steps not a full story in height are to be taken as part 
of the floor area of the room or corridor in which they occur. 

16. Area of each individual space is to be taken separately in 
accordance with schedule. 

17. Wardrobes are figured inside the walls. 

18. Rooms having wall cabinets are to be figured from partition 
walls. Cabinets are to be included with the room. 

19. Waiting spaces, closets, supply rooms, toilets, etc., in connec- 
tion with offices shall be included with the office areas. 

20. Toilets, showers, storage rooms, supply rooms, etc., when con- 
nected with a main division shall be taken separately but be 
included with the total area of that division. 

After the above rules were decided upon the National Education 
Association Committee measured and tabulated 150 school building^, 
situated in 26 states, as follows: 

Minnesota 

Missouri 

Pennsylvania 

Texas 

Utah 

Vermont 

Washin^on 

Wisconsin 

After the floor plans had been tabulated it was necessary to 
decide upon the main divisions of the plan and under which division 
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New Jersey 
New York 


Connecticut 


Delaware 


North DakoU 


Florida 


Ohio 


Illinois 


Oregon 


Indiana 


Maine 


Kansas 


Maryland 


Nevada 


Massachusetts 


New Hampshire 


Michigan 
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the various departments should be grouped. Educators and archi- 
tects have agreed upon six main divisions of floor space, also upon 
the relative value of each, expressed in the percentage of the total 
floor space which should be allotted to it, calling the total floor area 
100 per cent. These divisions with their values are: 

Administration not over 12 per cent 

Instruction not less than 50 per cent 

Accessories not over 3 per cent 

Stairs and Corridors. . .not over 20 per cent 

Flues not over 5 per cent 

Walls and Partitions, . .not over 10 per cent 

Administration includes the rooms for all officials, instructors, 
medical department, service and storage rooms, general wardrobes, 
sanitaries, and the space used for the heating and ventilating appa- 
ratus. It should not be over 12 per cent of the total floor area. 

Flues include all vertical flues for conveying air and gases. They 
are determined in size by natural laws which call for certain dimen- 
sions under fixed conditions to give a pre-determined air move- 
ment laid out by the heating and ventilating engineer. They should 
not be over 5 per cent of the total floor area. 

The Associate Conunittee of Engineers studied the Tabulations 
of the National Education Association Committee and found there 
was a wide variation in the use of floor space in the various states. 
One might assume that different state rules and regulations would 
account for the variation from coast to coast. But state boundaries 
enclosed similar variations in the percentage of floor areas. 

It has been mentioned that heating and ventilating were included 
under Administration. A separate tabulation was made in a num- 
ber of schools of the space devoted to the various departments of 
heating and ventilation and the results obtained follow to show the 
findings in this division. 

TABLE 1. PERCENTAGE OF FLOOR AREA. 

Heating and 

State Number Ventilating Flues 

UUnois 16 12.5 1.42 

Minnesota 25 10.54 0.62 

New Jersey 44 9.73 1.88 

IlHnois 13 15.0 2.18 

Ohio 77 8.4 9.2 

New York 40 5.0 0.70 

Pennsylvania 108 7.30 

Minnesota 28 9.00 0.73 

Massachusetts 63 5.00 0.89 

Ohio 33 7.00 1.66 

Wisconsin 15 6.20 0.94 

Pennsylvania 110 11.00 2.23 

North Dakota 105 8.00 3.83 

Pennsylvania 50 8.49 1 .48 

Missouri 99 3.50 0.92 

New York 39 7.91 4.58 

Massachusetts 68 5.70 2.89 

Minnesota 101 6.00 1.54 

Connecticut 73 7.00 1.11 

Massachusetts 59 7.70 5.91 

Pennsylvania 3 7.15 2.78 

Digitized by VjOOQK 



236 Transactions of Am. Soc. of Heat. & Vent. Engineers 



Number 



Vermont 69 

Ohio 84 

Connecticut 62 

New Jersey 42 

Minnesota 30 

Ohio 85 

New York 22 

Minnesota 26 

Massachusetts 70 

New York 38 

New York 21 

Michigan 37 

Utah 12 

Florida 8 

Massachusetts 57 

Florida 5 

Ohio 87 

Ohio 35 

Pennsylvania 100 

Ohio 88 

Massachusetts 55 

Indiana 1 

Massachusetts 58 

Missouri 78 

Massachusetts ' 72 

Massachusetts 56 

Ohio 76 

Minnesota 4 

California 43 

Florida 10 

Pennsylvania 51 

Illinois 98 

Missouri 2 

Washington 92 

Ohio 90 

Oreon 53 

Delaware 52 

Texas 102 

Massachusetts 54 

New Jersey 93 

Illinois 104 

New Jersey 96 

Illinois 45 

Florida 6 

New York 18 

New Hampshire 60 

Florida 7 

New York 20 
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1.14 
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1.12 


2.18 


2.72 


2.39 


2.63 


3.58 


2.86 


1.80 


3.20 


1.90 


0.64 


5.00 


0.41 


4.50 


1.76 


3.27 


. 4.80 


4.48 


5.63 


5.4 


1.66 


3.01 


0.00 


3.80 


1.00 


3.79 


0.75 


2.97 


1.03 


4.50 . 


0.73 


4.20 


1.94 


3.35 


0.82 


6.00 


1.00 


4.50 


2*90 



Digitized by 



Google 



Report of Committee on School House Standards 237 

There seems to be no rule or system among architects or engi- 
neers for deciding the amount of floor area given to the heating 
plant or to the space devoted to the flues and ducts. The average 
per cent is 5.4 for area devoted to the heating and ventilating plant 
and 1.98 to the area given to the flues, giving a total of 7.38 per 
cent of the entire area for the average space occupied by the heatr 
ing and ventilating plant. 

Mr. C. B. J. Snyder, architect for the School Board of the City 
of New York, who is a member of the National Education Asso- 
ciation Committee and who has designed many of the best school 
buildings in the country, is inclined to the opinion that 10 per cent 
of the total area should be given to the heating and ventilating 
plant. New York City, however, provides for an unusually large 
coal supply which would have a considerable bearing on the area 
allowed to heating and ventilating space. 

Mr. John Howatt, chief engineer of the Board of Education of 
Chicago, who is a member of our Committee, has checked up sev- 
eral of the typical schools of that city. Mr. Howatt finds that the 
largest total area for heating and ventilating in the schools checked 
was 7.25 per cent of the total building floor area. 

The floor space devoted to heating and ventilating was then 
studied separately in a number of High Schools. Here more unity 
was found than in the general tabulation. The findings of this 
separate study are as shown in Table 2. 

It is of interest that the per cent space given to the boiler room 
and coal pocket shown by the tabulation of Junior High Schools 
is surprisingly close, barring two buildings, one in Minnesota and 
one in Pennsylvania, and that the boiler and coal room in two 
Junior High Schools with the rate of second and fifth place for 
education, allow 1.73 per cent for boiler room and 0.85 per cent 
for coal in a school situated in Florida, while 1.78 per cent is given 
to the boiler room and 0.65 per cent for coal in a school situated in 
Minnesota. 

School superintendents and school business officials are beginning 
to analyze the floor space of their school buildings, because floor 
space means money, and criticism would surely follow if in a build- 
ing costing $100,000 it was found that from $3,000 to $5,000 had 
been needlessly expended for the heating and ventilating system. 

It is imdoubtedly true that many engineers have been forced to 
plan the heating plant for space areas unsuited to the purpose. 

The heating engineer should have something to say about the 
floor area he will need. He should have proper space, in a proper 
position, for his heating apparatus and the engineer should have 
data at hand so that he might speak with authority to the school 
official on this required space. 

Frank Irving Cooper, Chairman, 



Committee on School 
House Standards : 



John D. Cassell, 
John Howatt, 
Robert J. Mayer, 
Frank G. McCann. 
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No. 522 

REPORT OF COMMITTEE TO CONFER WITH 
THE WEATHER BUREAU 

A report of the Weather Bureau Committee of Eastern 
Pennsylvania Chapter was presented at the 1919 Annual 
Meeting (see page 209), which indicated the importance 
of further consideration of the question of proper humid- 
ity readings from the various stations of the Weather 
Bureau, and as a result of the discussion which followed, 
a committee of the Society tvas appointed to continue the 
representations that had been initiated by the Committee 
of Eastern Pennsylvania Chapter, 

The Committee appointed to confer with the Weather Bureau, desires at 
this time to report progress. 

An all day meeting was held in Philadelphia April 15th, at which all the 
members were present, and a communication to Prof. C. F. Marvin, Chief 
of the U. S. Weather Bureau, was drafted. 

Your Chairman called on Prof. Marvin in Washington, May 13th, pre- 
sented the communication and discussed matters with him at length. Prof. 
Marvin, in his usual courteous manner, stated that he fully appreciated the 
importance of all suggestions, and expressed his willingness to co-operate with 
us within his limitations. He pointed out that the Department as a result 
of previous conferences, had for over two years, maintained records in 
Washington from various stations, of dry and wet bulb temperature readings, 
dew-point temperatures and vapor pressures, but owing to the war condi- 
tions, these readings had not been published. 

It is the understanding of vour Chairman that the fiscal year of the 
Department begins July 1st, and as the appropriation for the new fiscal year 
was made before the Armistice was signed, it is evident that the appropria- 
tion was made with a view towards strict economy so that the Department 
the coming year wili operate short of help and short of cash, permitting no 
extra expense. 

Answering our Committee's letter of May 12th, we received a communica- 
tion from Prof. Marvin dated May 21st, a study of which indicates in a 
lar^e measure, the acceptance of the Committee's suggestions with promises 
of important changes in the daily and monthly Weather Reports, and with 
great possibilities for further developments in the future. 

The Committee hopes to make further report of progress at the next 
Annual Meeting. 

Respectfully submitted, 

Wm. G. R. Braemer, Chairman. 
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APPENDIX 

May 12. 1919. 

Prof. C. F. Marvin, 
Chief of Weather Bureau, 
U. S. Dept. of Agriculture, 
Washington, D. C. 

Dear Sir: 

The moisture content of the air vitally affects the manufacturing processes 
of more than one hundred different industries in the United States. These 
industries include the Textile, Metallurgical, Chemical, Leather, Food and all 
those employing drying processes. 

Increasing numbers of manufacturers are constantly applying to members 
of the American Society of Heating and Ventilating Engineers for assistance 
in meeting their problems in connection with atmospheric conditions. 

This subject has become so important that the American Society of Heating 
and Ventilating Engineers at its Annual Meeting in January, 1919, appointed a 
Committee to study the reports furnished by the U. S. Weather Bureau, in 
relation to the needs of the manufacturers, and to formulate such suggestions 
as might be helpful, without unduly modifying the present system of the 
Weather Bureau. 

This Committee finds that certain information now published is misleading, 
and that some vital facts cannot be obtained from the reports. 

Relative humidity readings which are not coupled with simultaneous tem- 
perature readings, cannot be used to determine the actual moisture content 
and evaporative temperature, which are important to the manufacturer. 

A collection of reports from observation . stations throughout the United 
States shows a national and regional lack of uniformity both in form and 
in contents. r 

Climatic data obtained from observations in the hearts of great cities 
cannot be accurately applied to the outskirts and adjacent industrial towns. 

This Committee therefore requests the Weather Bureau to consider the 
following recommendations : 

1st: That simultaneous readings of wet and dry bulb temperatures be taken 
and recorded in the permanent records of each obsefvation station. 

2nd: That when reports are published in, the daily newspapers, they include 
simultaneous wet and dry bulb temperature readings. 

3rd: That these observations for permanent record be made at 8 a. m., 
2 p. m. and 8 p. m. 

4th: That relative humidity readings as at present published, be omitted, 
as they are misleading to the industries, and to the general public, and 
cannot be used to accurately determine atmospheric conditions. 

5th : That standard forms of daily and monthly reports covering simul- 
taneous wet and dry bulb terr- "- - .^-J- . J .jr. «• ^U-^,.va. 
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It is the conviction of this Committee that if these recommendations can 
be followed, the service rendered by the Weather Bureau to the industries 
and to the general public will be greatly increased in value. 

Respectfully submitted, 

Wm. G. R. Braemer, Chatrmem, 

F. F. BAriNSON, 

W. H. Carrier, 
H. P. Gant, 
E. T. Murphy. 



United States Department of Ac»iculture, 

Weather Bureau, 

Office of the Chief, 

Washington, D. C, May 21, 1919. 
Mr. Wm. G. R. Braemer, 

Philadelphia, Pa. 

Dear Sir: 

Acknowledging the letter of May 12, signed by yourself and other members 
of the committee appointed by the American Society of Heating and Venti- 
lating Engineers, and presented by you personally, relative to the moisture 
content of the air, I wish to say that this has received my very careful con- 
sideration. As indicated to you at the time of your visit, the original records 
of the Bureau for at least two years or more past contain tri-daily readings 
of the wet and dry bulb temperatures at all the Weather Bureau stations, 
which observations are taken at the hours of 8 A. M., 12 noon and 8 P. M. 

Careful consideration of the question of observations at 2 P. M. in lieu 
of observations at noon leads to the conclusion that the Weather Bureau is 
not justified in changing this hour, as to do so would materially increase the 
amount of work required to secure the later observations and would not be 
accompanied by any corresponding benefit or accuracy in the midday humidity 
measurements. 

The foregoing remarks apply particularly to 1 and 3 of the committee's 
recommendations. 

With reference to the recommendation to secure the printing of simul- 
taneous wet and dry bulb readings in the newspapers, the Weather Bureau 
will be glad to submit this information to the papers, but it will remain for 
the latter to determine whether or not they will publish it as submitted. 

With reference to recommendation No. 4: We recognize the inadequacy 
of the quantity, relative humidity, in meeting certain engineering purposes, 
and we will bear this matter in mind in determining the manner in which 
the moisture condition of the atmosphere will be presented in the publications 
the Weather Bureau prepares in the future, and I hope that the appearance of 
this information later on will be in a form to better serve the needs of 
the ventilating and heating engineers. The standardization of all the pub- 
lications of the Weather Bureau is constantly the subject of consideration 
by us and is gradually being accomplished as fully as the very wide and 
diverse requirements and limited facilities permit. 
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Finally, with reference to recommendation No. 6, covering possible dif- 
ferences between rural and urban atmospheric conditions, I can only say that 
some of the most valuable activities of the Bureau make it impossible to 
remove our observing stations from the centers of large cities, and limited 
funds prevent the maintenance of duplicate stations near each other. Steps 
have already been taken in a few large cities to secure systematic observa- 
tions under rural conditions, and doubtless this policy will be extended in 
the future as far as funds permit. 

In conclusion, I wish to assure you and your committee of the apprecia- 
tion by the Weather Bureau of the value placed by you on our service and 
activities referred to in the foregoing, and to assure you that it is our earnest 
desire and intention to conduct this work in a manner that will be most 
effective and at the same time come within our limitations. 

Very respectfully, 

(Signed) C F. MARVIN, 

Chief of Bureau. 



May 27, 1919. 
Prof. C. F. Marvin, 

Chief of Weather Bureau, 
U. S. Dept. of Agriculture, 
Washington, D. C. 

Dear Sir: 

As Chairman of the Committee appointed by the American Society of 
Heating and Ventilating Engineers to confer with you, I desire to thank 
you for your willingness to co-operate with us as expressed during our 
personal interview in your office May 13th, and as evidenced by your letter 
of the 21sl instant. 

Your communication will be submitted as a preliminary report to the 
Society at its Semi-Annual Meeting in Pittsburgh, June 10th to 12th, 
and we will await with interest, developments of the proposed changes. 

Hoping that this Committee will be able to make a further report to the 
Society at its Annual Meeting in New York next January, I am, 

Very respectfully, 

Wm. G. R. Braemer, Chairman. 
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No. 523 

REPORT OF COMMITTEE TO CO-OPERATE 
WITH U. S. NAVY DEPT. 

Parti 

Heating, Ventilation and Humidification of Battleships and 

Submarines 

THIS Committee was appointed in 1917 by President J. I. Lyle, 
for the purpose of investigating the above subjects as out- 
lined in letters received from Admiral D. W. Taylor and 
Admiral R. H. Wright, Acting Chief of Bureau of Steam Engineer- 
ing, bearing dates of May 4, 1917, and May 8, 1917, respectively. The 
Committee received in the early part of June, 1917, a set of 17 blue 
prints and other documents covering the complete working plans for 
ventilation of the U. S. S. Pennsylvania ; Section U-19 of the Gen- 
eral Specifications, Edition 1917, Ventilation; Instructions for Cal- 
culating and Testing Ventilation Systems, Appendix 8, General 
Specifications; General Specifications for Auxiliary Electrical Ap- 
pliances on Shipboard, No. 17A3c, Edition 1916 ; Methods Employed 
by the Bureau of Construction and Repair in Designing Ventilation 
Systems ; Book of General Information, U. S. S. Pennsylvania. 

The Committee studied the above data and arrangements were 
made through the courtesy of Admiral Taylor for a visit to the 
Norfolk Navy Yard which was made on June 17th and 18th, 1917. 
The Committee was met by Naval Constructor E. G. Kintner and in- 
troduced to Captain Hoogelwerf , U. S. S. Pennsylvania, Dr. Samuel 
Sayer and Naval Constructor Watts. Captain Hoogelwerf presented 
the Committee with a memorandum, file 2487, dated June 1st, 1917, 
covering the water tightness of compartments and air testing of 
ships in commission, issued by Admiral H. T. Mayo, and directing 
attention to the necessity for extreme care in the maintenance of 
water tight subdivisions as indicated by the experiences of other 
vessels in action, due to the existence of poisonous gases caused by 
the bursting of "enemy shells.'* 
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1. No Ducts Through Bulkheads. In the naval engagement off 
Jutland, the Germans are reported to have fired "poison gas" shells, 
some oif which exploded inside the superstructure of some of the 
ships in which were located the ventilating fans. The ducts for 
conveying the air from such fans to other and remote compartments, 
passed through the bulkheads, thus conveying the poisonous gases to 
parts of the ship not otherwise directly affected by the explosion. 

As a result of this, it is reported that orders have been issued by 
the English Admiralty to disconnect all ducts when they pass through 
bulkheads, stop up the holes and put blank flanges on the ends of the 
ducts. In other words the ventilating systems are put out of com- 
mission during the war. 

We recommend that the ventilating systems on U. S. Ships be split 
up into smaller units, one for each compartment between bulkheads, 
on each deck. Running ducts vertically, instead of laterally, will be 
no improvement as the ducts would then pass through the decks 
instead of the bulkheads. Air can be carried down to supply the 
blower intakes through suitable, heavy steel air shafts fitted with 
emergency dampers, which can be quickly closed to cut off the sys- 
tems, should it be found necessary. 

2. Higher Fan Outlet Velocities. Higher outlet velocities at tiie 
fan could be employed to advantage in many cases, particularly if the 
system is split up into smaller units. This will make the fans smaller 
and lighter in weight and, owing to the high speed at which the fans 
will run, will in most cases make a considerable reduction in the 
weights of the motors. 

3. Higher Velocities in Ducts. It is questionable whether the 
velocities in the ducts should be increased above the present stand- 
ards. In some compartments it could be done without discomfort, 
thus saving space and weight. In others, it might be advantageous 
to make it even slower to avoid drafts. 

4. Reversible Air Movement at Fan. A fan built so the air 
current in the ducts can be immediately reversed by throwing a 
lever through an arc of 90 deg., should largely overcome the objec- 
tion that the fans blow gases from one compartment to another. If 
any of the intake connections should be broken by shell-fire or 
otherwise, reverse the lever, and the fan becomes an exhaust fan 
instead of a blower, without stopping the fan or reversing its direc- 
tion of rotation. 

Fig. ] shows such a design. Hundreds of these have been built 
for ventilating metal mines. The fan acts as a fresh air blower while 
the men are drilling, and as an exhaust fan after a blast is fired, 
thus removing the powder, smoke and gases. 

5. Method of Heating Air {Thermo Tanks). An improvement 
can certainly be made in the design of the so-called "thermo-tanks" 
for heating the air. There is nothing standard on the market for 
this purpose but it is easy to conceive many arrangements that 
would give higher efficiency, would occupy less space and be of 
much lighter weight. For a competent mechanical engineer this is 
a matter of design alone, when the amount of heat and air circu- 
lation is definitely fixed. 
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6. Method of Humidifying Air. The present method of humidi- 
fying the air by steam seems to meet with favor, though it is ap- 
parently deficient in capacity. The objection appears to be, that 
under certain climatic conditions the heat in the steam would raise 
the temperature too high if sufficient moisture was obtained. Then 
again, the low-pressure exhaust steam generally used for this pur- 
pose almost always carries a peculiar oily odor, though it was not 
complained of in this instance. It seems as though properly tem- 
pered water, atomized with compressed air, by means of specially 
designed nozzles, would be very effective for this work, as this 
would not only humidify the air, but would cleanse it and could 
be automatically regulated to give a standard relative humidity 
continuously. 

7. Equalization of Air Temperature and Distribution. Consid- 
erable complaint was made about the unequal distribution of air 
and heat throughout the ships. Dividing the apparatus into smaller 
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units should overcome this. The present condition is due largely to 
the pipes not being perfectly proportioned for the work, and is still 
further aggravated by the outside wind pressures, which affect the 
amount of air delivered into some compartments, particularly those 
on the ends of the trunk-line ducts. 

8. Automatic Control of Heat and Humidity. Modem heat and 
humidity controlling devices, such as are commonly used in build- 
ings, might give satisfactory service aboard ships. There were some 
special devices in evidence on the ship we saw but no standard ap- 
paratus was noticed. Any dissatisfaction which was expressed is 
probably due to the devices in use never having been thoroughly 
developed, or because the medium by which the regulation of tem- 
perature and humidity was to be obtained, lacked sufficient range 
to give the result desired. It is questionable whether automatic 
temperature regulators can ever be made to give very satisfactory 
results aboard ships, except in calm weather, or when at anchor in 
a harbor. 

9. Supplementary Heating Apparatus. It is evident from ob- 
servation, and answers to our queries showed conclusively, that 
supplementary heating apparatus is necessary in many places or a 
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complete revision of the present system on a much more elaborate 
scale will be required to make all the compartments equally com- 
fortable. 

10. Porthole Ventilation, Forced or mechanical ventilation 
through port holes is something as yet almost untried, and will have 
to go through a long period of development before it is brought up 
to the point of perfect adaptability under all conditions of service. 
Imagine a 60-mile gale, with a heavy cross sea running, and solid 
water pounding the sides of the ship, which occasionally rolls over 
to an angle that almost submerges her rails first on one side, then 
the other. What chance is there for porthole ventilation under 
such conditions? Ventilation is far more necessary with such 
weather prevailing than when it is calm, because everything has to 
be battened down to keep the water out, whereas in fair weather 
the ship can be opened up to give a free, natural circulation of air, 

11. Protection Against Gases, War ships of every type are 
called upon to make voyages to the Arctic Circle and to the Tropics. 
The heating and ventilating equipment should be such as to make 
them as comfortable as possible in any part of the world and un- 
der all weather conditions. 

The ventilating equipment should be so designed as to protect 
the officers and crew so far as possible from noxious gases, fire, 
excessive heat, severe cold and foul air, whether in action or in a 
dry dock. War never lasts so long as the life of one of these ships. 
While they are essentially fighting machines, and everything going 
aboard them should be considered from that standpoint, yet be- 
cause of the fact that the personal comfort of those who man them 
has a great deal to do with the efficiency of the navy, the heating 
and ventilating should be given as careful study as any of the other 
units, many of which have been brought to a wonderful state of 
mechanical perfection. 

SUGGESTIONS FOR IMPROVED METHODS OF DESIGN AND PROPORTIONING 
OF AIR PIPING IN VENTILATION SYSTEMS IN BATTLESHIPS 

The general methods for calculation of ventilation systems, given 
in Appendix 8, General Specifications by the Government, are most 
excellent. The method for calculating pressure losses and deter- 
mining co-efficient for pressure losses are probably the most complete 
and accurate available. The method employed in calculating pres- 
sure losses is also to be commended for its practical simplicity. 

We believe, however, there is opportunity for considerable im- 
provement over the present system in the design and proportioning 
of the velocities in the main piping : 

First — We wish to emphasize that it is possible and practicable 
to so proportion the velocities as to obtain substantially uniform 
delivery of velocities in all branches without the use of special 
means of restriction or air dampers. 

Second — We believe that it is possible to considerably reduce the 
larger size of the supply piping by using higher velocity at the fan 
end, and thus economize space and weight. It is possible, for 
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example, to so design the main pipe as to make a static pressure of 
any desired amount, sufficient for the delivery of air through the 
branches, uniform throughout the entire length of the pipe, regard- 
less of its length. This method is now in use by two concerns in 
industrial work, and has been proved to give excellent results and 
distribution in practice. 

This design is accomplished, of course, by the proper reduction of 
air velocities so that the effective transfer of velocity head to static 
head is substantially equal in each section to the frictional loss in 
that section. The best way to proceed with the design of the main 
piping, according to this method, is to first design all individual 
branches and to calculate their static resistance, if appreciable. 

The successive sizes of pipe are designed by beginning with the 
last outlet, or the reverse of the usual procedure. The first ve- 
locity can be assumed and can be whatever is convenient or prac- 
ticable. For this work we would recommend minimum velocities of 
from 1200 to 1500 ft. Starting with a 1200 ft. velocity, for exam- 
ple, we will calculate the first diameter or equivalent dimension of 
rectangular pipe. The friction in this first length of main pipe may 
then be calculated. The velocity head in the next run of pipe 
should be increased approximately 16 per cent of the frictional loss 
which is calculated. This relationship is represented by the follow- 
ing formula: 

(V.r (V,y 1 (Lj V, I - L,~~ 

= |-l-^5x or - =\l+ __ 

4000 4000 60 (DJ Fi 40Z>i 

where 

Fi is the final velocity in feet per minute, or velocity assumed 
in the last section of the main pipe; 

V^ is the velocity in feet per minute which is to be determined 
for the next preceding length of main pipe ; 

Lj is the equivalent length of pipe in feet, including the actual 
length of the pipe in feet and the equivalent length to be 
allowed for elbows, bends and other forms of resistance 
occurring in the run of pipe having velocity Fj. 

D^ is the diameter, in feet, of the final run of main pipe which 
is determined from the air quantity and assumed velocity 

Each preceding length of pipe is in turn calculated in the same 
manner as, for example, the diameter of the third length is calcu- 
lated as follows: 



■=>/. 
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The air velocity and size for each succeeding length of pipe is 
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cause it is desirable to economize space, so far as is possible and 
consistent with reasonable efficiency in this work. If the final ve- 
locities assumed, 1200 or 1500, do not give as high initial velocities 
as desired in this calculation, then all the velocities may be in- 
creased by uniform multiple, to give the desired initial velocity. 
While this is not strictly accurate, owing to the change in the dimen- 
sions of the pipe, causing a change in the f rictional losses, yet it is 
so nearly so, that ordinarily the differences are negligible. 

These calculations can be simplified by tabulations and curves so 
that the actual work need not be very great. However, regardless of 
the labor involved in these calculations, work of this character is 
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FIG. 2. RELATION BETWEEN TEMPERATURE. HUMIDITY AND AIR MOTION. 

of sufficient importance to warrant additional time and expense both 
in the calculations and the extra care needed in the construction of 
the ducts, to insure their performance of the exact functions in- 
tended. 

HUMIDITY 

The Committee is under the impression that on shipboard it will 
be found that when a temperature of 70 deg. is maintained in the 
rooms, the relative humidity for comfortable living conditions should 
be maintained between 36 per cent and 50 per cent, with correspond- 
ing wet bulb temperatures between 55 deg. and 58^4 deg. The 
dew points corresponding to these limits will be between 42 deg. 
and 50 deg. However, it will probably be found that with ex- 
tremely cold weather outside, especially with high winds, the lower 
limit will have to be reduced, as the sweating on the exposed sides 
of the ship will be excessive with dew points of 42 deg. 
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Below we give a table of the limits recommended for comfort, 
bearing in mind that the lower limit is recommended for cold 
weather in order that sweating shall not be excessive. 

Wet Bulb Temperature Dry Bulb Temperature 



60deg. 


65 deg. 


70 deg. 


Corresponding Relative Humidity 


90 per cent 


66 per cent 


48 per cent 


75 per cent 


52 per cent 


37 per cent 



58 deg. 
55 deg. 

The air chart shown in Fig. 2 gives the relation between tempera- 
ture, humidity and air motion, by means of the four curves marked 
At Rest, Light Work, Moderate Work, and Hard Work, represent- 
ing different combinations of the wet bulb and air velocity required 
for comfort. The top curve starts at the intersection of a wet bulb 
temperature of 56 deg. and an air velocity of 0. These curves have 
been determined experimentally. 

SUGGESTION FOR DEVICES WHEN IN ACTION 

For boiler rooms and magazines or other places where ventilation 
is absolutely essential during action, it is suggested that a spray de- 
vice, using alkaline solution, be placed on the intake and that closed 
tanks under pressure or a pump be used to spray solution into the 
intake at a pressure of about 25 lb. per sq. in. The alkaline solu- 
tion should be such as will modify the action of the noxious gases. 

Part II 
Submarines and Submarine Air Conditioning 

The Committee visited the Submarine Base at New London on 
Friday, December 7, 1917, and was met by Lt. Commander Stapler. 
The Committee visited several submarines and was afforded every 
facility for making investigations which developed the necessity 
for the study of: 1. Heating, when submerged and when on the 
surface; 2. Moisture removal; 3. Hydrogen elimination; and 4. 
Ventilation, when submerged and when on the surface. 

The Committee's visit was during the cold season; the engines 
were charging the batteries, which demonstrated the necessity for 
opening up the hatches in order that a sufficient amount of fresh air 
might mix with the escaping gases to enable the operating staff to 
remain in the engine room. The effect of this is to draw in tre- 
mendous quantities of cold air, thus greatly reducing the tempera- 
ture in every part of the boat except the engine room proper. In 
this condition the hatches are battened down and when submergence 
takes place the temperature of the interior of the boat is practically 
that of the outside atmosphere. " There is no provision made for in- 
sulating the inner surface of the boat ; the boat thus becomes a radi- 
ator which absorbs the heat given off by its occupants through the 
medium of the interior air and from thence through the walls to 
the surrounding water. 
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EXISTING HEATING SYSTEM 

The existing provision for heating consists of electrical heat units 
of two sizes — 15 amp. and 26 amp. — with a voltage varying from 
110 to 115, there being supplied as a maximum, three units of each 
size. An analysis of the electrical energy characteristics follows: 

Three units — 25 amp. — 115 volts, 
Three units — 15 amp. — 115 volts, 
Together consuming a total of : 
13,800 watts per hour 
47,300 B.tu. per hour 
1,135,000 B.tu. per day of 24 hours 
331,200 watts per day of 24 hours 

STORAGE BATTERY CAPACITY 

The total capacity is 500,000 watt hours. This includes current 
for all purposes, including propulsion. Remark: — Thus to use the 
full capacity of electrical heaters for 24 hours will reduce entire 
battery charge about 66 per cent. Heating by electrical energy is not 
indulged in to any great extent on account of decreasing the sub- 
merged cruising radius. 

OTHER METHODS OF HEATING 

Three general methods of solving the heating problem have been 
considered: 1. Stored heat; 2, Generated heat (during submerg- 
ence) ; 3. Elimination of necessity for heating by insulation. 

Examination of the properties of the available medium for stor- 
ing heat discloses the fact that water will carry the greatest amount 
of heat per unit of weight. It is convenient to use and, when under 
pressure, will carry heat and energy in concentrated form which 
can be used not only for heating but possibly can be utilized for other 
purposes. 

The Committee has investigated the characteristics of the follow- 
ing: 1. Combustion of carbon and oxygen; 2. Combustion of 
smokeless powder ; 3. Combustion of hydrogen and oxygen ; 4. Com- 
bustion of acetylene and oxygen; 5. Heating from other hydro- 
carbons ; 6. Storage of heat in water ; 7. Heat from the storage bat- 
tery. The elementary characteristics of the combinations named 
above are set forth for what they are worth. The heat units per 
pound and for cubic foot of various hydro-carbons are given here- 
with. The heat storage capacity of water at various pressures is 
given herewith in tabular form and by chart. The characteristics of 
the lead storage battery and the Edison non-lead storage battery 
as now installed in U. S. submarines is also given herewith. 

REMARKS CONCERNING VARIOUS METHODS FOR HEATING SUBMARINE 
BOATS WHILE SUBMERGED 

1. Combustion of Carbon and Oxygen, For the combustion of 
carbon and oxygen in the utilization of coal as a source of heat, it 
would be necessary to construct a closed furnace and supply oxy- 
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gen from tanks. The products of combustion, mostly C O, but 
some C O, would have to be disposed of by discharging them into the 
salt water or by absorption in lime water or some other chemical 
substance. It is undesirable to discharge the gases into the salt wat- 
ter because of the bubbles which would indicate the location of 
the boat as they rose to the surface. To absorb the gases in lime 
water would probably be impracticable because of the large amount 
of space required which is not available in the boat, and 5ie weight 
of the water, tanks, etc. While carbon burned with oxygen liber- 
ates a large number of heat units, namely, about 14,500 per lb., there 
seems to be no practical way of disposmg of the products of com- 
bustion. 

2. Combtistion of Smokeless Powder. We select Nobel's pow- 
der, as data concerning it is available. Other powders are similar. 
Since smokeless powder contains all the products of combustion 
within itself, it can be burned in a closed space to obtain heat, and on 
this account it has been proposed as a means of heating submarine 
boats. By burning the powder in a chamber, say, ten times larger 
than the volume of the powder, the pressure of the gases would not 
exceed about two tons per sq. in. The chamber might be sur- 
rounded with water, which, when heated could be circulated through 
the boat in pipes or radiators. For each pound of powder 
burned, there would be generated about 11 cu. ft. of gas at atmos- 
pheric pressure and 32 deg. fahr. This gas is composed of carbonic 
acid, nitrogen, water vapor, chlorine, and oxygen. After combus- 
tion had taken place and all heat were absorbed in the water or 
radiated into the boat, it would be necessary to dispose of the gases. 
The simplest method of doing this would be to discharge them into 
the salt water, under their own pressure. Another method would be 
to absorb the gases in some chemical fluid. This, however, would 
hardly be practical, because there is insufficient space available in 
the boat. The products of combustion are principally carbonic acid, 
nitrogen, chlorine, and water vapor. The advantages of this method 
of heating are the small amount of space required by the fuel and 
the simplicity of the method of burning. The disadvantages are 
the danger of carrying a large amount of powder on board, the 
danger of premature ignition of the powder and the necessity for 
discharging the gases into the salt water, which would indicate the 
location of the boat by the bubbles rising to the surface ; also the 
difficulty of otherwise disposing of the products of combustion. 
Much less heat is obtained per pound of powder than per pound of 
carbon burnt with oxygen. 

3. Combustion of Hydrogen and Oxygen, Hydrogen and oxy- 
gen can be stored in steel cylinders under pressure. The gases can 
be drawn from these cylinders and conveyed to a suitable burner 
which can be located in a closed receptacle, surrounded by water to 
absorb the heat of combustion. The product of combustion is water 
vapor, which would immediately condense to liquid water. The heat 
of combustion of hydrogen and oxygen is 60,000 B.t.u. per lb. of 
hydrogen or 6,666 B.t.u. per lb. of water vapor produced by the 
combustion. As hydrogen is a very light gas, even when highly corn- 



Digitized by 



Google 



252 Transactions of Am. Soc. of Heat. & Vent. Engineers 

pressed, the quantity required would occupy considerable space and 
the heat obtained per cubic foot would be small. Furthermore, the 
cylinders to contain the compressed hydrogen and oxygen would be 
heavy and bulky. These gases are ordinarily stored in steel cylin- 
ders holding 100 or 200 cu. ft. of free gas compressed to 1,800 lb. 
per sq. in. The larger cylinders .weigh 142 lb. and the smaller ones 
80 lb. Two cylinders, one containing 200 ft. of hydrogen and the 
other 100 ft. of oxygen would weigh about 232 lb. The heat liber- 
ated from the combustion from this amount of hydrogen and oxy- 
gen would be about 60,000 B.t.u. Therefore the heat produced 
per pound of cylinders and gas would be only 258 B.t.u. In other 
words, to produce as much heat as could be obtained from burning 
one lb. of coal would require about six large cylinders of hydrogen 
and six small cylinders of oxygen. It would therefore probably 
be impracticable to store sufficient oxygen and hydrogen on board 
a boat to give the heat required. While this method of heating has 
the great advantage that the products of combustion are water, it 
has the disadvantage of requiring a large space in the boat. 

4. Combustion of Acetylene and Oxygen. When acetylene gas is 
burned with oxygen, 21,000 B.t.u. are liberated for each pound of 
acetylene burned. It has been proposed to store acetylene in suit- 
able containers, or to generate it from a supply of calcium carbide, 
as required, and burn the acetylene in a closed chamber with oxygen 
drawn from storage in steel cylinders. While a large amount of 
heat can be obtained per pound of acetylene, considerable space would 
be occupied in storing sufficient acetylene and oxygen. Further- 
more, the product of combustion, which is principally carbonic acid 
gas, must be disposed of either by discharging it into salt water or 
by absorption in some chemical such as lime water. It has been 
proposed to burn the acetylene with the oxygen in a closed chamber 
containing water and lime and then pump the lime water through 
a radiating system, thereby utilizing the water to absorb the heat 
of combustion, and to absorb the products of combustion — carbonic 
acid. For each pound of acetylene burned, 28 cu. ft. of oxygen 
would be required, producing a large volume of carbonic acid and 
requiring a considerable volume of lime water to absorb it. This 
system of heating seems impracticable, because of the space required 
for the storage of combustibles, and the apparatus required. The 
circulating water would soon become charged with calcium car- 
bonate and would have to be frequently drawn off. No doubt the 
lime and the calcium carbonate would coat the interior of the radiat- 
ing system and obstruct the radiation of heat. While a much larger 
amount of heat could be obtained from a given volume of acetylene 
and oxygen than from a corresponding volume of hydrogen, the 
difficulties of disposing of the products of combustion make it seem 
impracticable. There is also some danger from explosion from 
acetylene. 

5. Heat from Other Hydro-carbons, There is a long list of 
hydro-carbons in liquid form at ordinary temperatures which offer 
sources of heat, but their combustion requires oxygen, and the 
products of combustion are largely carbonic acid in each instance. 
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Some of these hydro-carbons, being rich in carbon, give up large 
quantities of heat in combustion, but their use seems impracticable 
because of the difficulty of disposing of the products of combustion 
and the large amount of space required for the storage of oxygen. 

6. Storage of Heat in Water and Steam, A cubic foot of 
water has the capacity for holding a considerable amount of heat, 
and its capacity increases with the pressure and temperature of the 
water. When a submarine boat is running on the surface, the gas 
engines are in operation either propelling the boat or charging the 
storage batteries. The discharged gases from the engines offer an 
abundant source of heat which, if it could be stored, might be used 
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FIG. 3. HEAT STORAGE CAPACITY OF WATER UNDER PRESSURE. 



to heat the boat when submerged. If a boiler were provided of 
suitable capacity, capable of withstanding a pressure say of 300 lb. 
absolute per sq. in., then the boiler might be nearly filled with water, 
leaving sufficient space for expansion, and the water could be heated 
by the gases discharged from the engines. If the boiler were sur- 
rounded by a thick covering of heat-insulating material, the heat 
thus stored up in the water could be retained for a considerable 
length of time and could be allowed to radiate through the boat by 
means of a circulating system. As about 392 B.t.u. could be stored 
in each pound of water, of which 360 B.t.u. would be available for 
heating up to 60 deg., a boiler containing say 3153 lb. of water would 
have a capacity for storing 1,130,000 B.t.u. This seems, on the 
whole, the most practical system of heating that has been suggested 
and if the weight and space can be allowed it would undoubtedly 
give excellent results. It has the advantage of simplicity and it 
utilizes heat that is at present being thrown away. If the entire 
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interior surface of the boat could be insulated with a non-heat con- 
ducting covering, no doubt a comparatively small amoimt of heat 
would make the boat comfortable for the crew during the period of 
submergence. 

7. Heat from a Storage Battery. Submarine boats are at pres- 
ent provided with six electric heating units of two sizes, one taking 
15 amp. and the other 25 amp. with a voltage varying from 110 to 
115. These units draw energy from the storage battery. Assum- 
ing three large and three small heating units on each boat, the cur- 
rent consumption is 

3 X IS = 45 
3 X 25 = 75 

120 amp. 

120 X 115 = 13,800 watts 
(1 watt = 3.43 B.t.u. per hour) 
13.800 watts = 13,800 x 3.43 = 47,300 B.t.u. per hour. 

If the units are operated for 24 hours the heat radiated will be 
1,135,000 B.t.u. It is probable that these units are never used con- 
tinuously for 24 hours in time of war, as it would materially re- 
duce the cruising distance submerged. However, 1,136,000 B.t.u. 
may be used as a standard of achievement in the absence of a better 
standard. Any other heating system that provides this amount of 
heat will be worthy of consideration. 

It has been shown that 1,130,000 B.t.u. can be stored in 3153 lb. 
of water, under 300 lb. absolute pressure, equivalent to as many heat 
units as are given out by the six electric heaters installed in boats if 
they are used 24 hours. 3153 lb. of water and the boiler would 
probably weigh not more than 1800 lb. or a total of say 5000 lb. 
Besides this, there would be the weight of a radiating system which 
would perhaps make the total weight of the heat storage and radiat- 
ing system 6000 lb. This is only 7.5 per cent the weight of the 
storage battery equipment of equal heat carr)ring capacity. The six 
electric heating units now used in boats, if kept in use 24 hours, 
would draw 66 per cent of the stored energy from the battery 
weighing 120,000 lb. The same amount of energy could be stored 
in a hot water system weighing 6000 lb. In other words, 13 times 
as much energy can be stored in a hot water system as in a storage 
battery of the same weight. 



COMPARISON OF ELECTRICAL AND HOT WATER HEATING. 
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a pressure of 300 lb. The weights would be as follows: 

Water 3153 1b. 

Apparatus approx 2847 lb. 

Total 6000 1b. 

6000 

= 5.3 lb. per 1000 B.t.u. or 1 lb. water and apparatus 

1130.5 will carry 190 B.t.u. 

Electric Heating, The standard submarine boat battery is of 
500 k.w. capacity, weighs 120,000 lb., that is 240 lb. per 1000 watts, 
and 1 lb. of battery will carry 14.3 B.t.u. ; 1 lb. of water stored at 
300 lb. pressure, including weight of container, will carry 190 B.t.u. 
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FIG. 4. DIAGRAM OF HEATING SYSTEM BY STORAGE OF HEAT IN WATER. 



Assuming that it is necessary for a boat to be away from a base 
of supplies for 20 days, then the weight of the following substances, 
together with their containers, will be as shown — not including lime 
solution or weight of apparatus to distribute the heat content : 

Assuming the equivalent of 

3 — 25 amp. 115 volts heaters ^^ i i^c/vy^ T>f ,, 

3-15 amp. 115 volts heaters ^^ 1,135,000 B.tu. 

Sithstances Weight— Ih, 

Acetylene and oxygen 27 3X) 

Hydrogen and oxygen 87,600 

Gun powder (smokeless) 7,530 

tir»Ai_ 1 A J. 1 A_ J i_ , 1 . <• xl.- ^^^!^^^ ^^ _ jj: 
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ated by a liquid hydro-carbon such as kerosene or a heavy oil and 
the generator to store up energy by heating water under suitable 
pressure which would later be utilized, re-expanded into steam during 
submergence, and used for driving quadruple expansion engines and 
low pressure condensing turbines in series. The liljerated air from 
the condenser might be compressed and used for such purposes as 
were necessary. Obviously, the heating problem would then be 
solved for there would be sufficient stored heat at all times. 

Hot Water Storage for Propulsion, The following apparatus 
would be required : 1. A boiler in which to store power in hot water, 
under pressure. 2. Steam boiler to supply steam when running on 
the surface. 3. Tank for condensed steam. 4. Propelling engines. 
5. Condenser. 6. Condenser air pump. 7. Hot well pump. 

Assume water to be stored in boiler and heated until pressure 
reaches 600 lb. absolute pressure. By withdrawing steam, reducing 
pressure by multi-stage reciprocating or turbine engines and a low 
pressure turbine condensing engine working down to atmospheric 
pressure, the heat drop would be 448 B.t.u.— 180 B.t.u. = ^(S'^ B.t.u. 
These 268 B.t.u, could be obtained from every lb. of hot water 
carried if used within these limits. This amount of heat can be 
used to convert water into steam. 

The latent heat of steam, 14.7 lb., is 970. The heat obtained from 

268 

one lb. of water will convert = .276 lb. of water into steam. 

970 

Assuming that an engine combination can be produced to give a 
final economy of 30 lb. of steam per h.p., which would include all 
losses due to condensation, radiation, etc., then there would be re- 
30 

quired := 109 lb. of water storage per h.p., and assuming 

.276 
the containers, such as boiler, etc., to weigh 25 per cent, of the 
weight of the water, then there would be required 136 lb. weight 
for each h.p. hour. By providing 600 cu. ft. of steam space, this 
could be reduced to 110 lb. per h.p. hour. 

Comparison with Electrical Drive. A battery of 500 k.w. weighs 
120,000 lb. Assuming 90 per cent efficiency it will require 198 lb. 
weight per h.p. hour as against 110 lb. weight per h.p. hour, as 
required for steam propulsion. The accuracy of these comparisons 
can, of course, be determined better by actual experience and it may 
be well to make experiments to determine the characteristics of the 
steam driven units. A further reduction in weight may possibly 
be made when the fact is considered that there would not be a 
duplicate set of driving or prime movers. 

The same engines and boilers can be used for surface and sub- 
merged propulsion. In generating heat on the surface no noise is 
necessary such as accompanies the charging of batteries. 
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APPENDIX 

LIME WATER AS A SOLVENT OF CARBONIC ACID 

66 lb. quick lime (Ca O) combine with 18 lb. water to produce 
74 lb. of slaked lime (Ca + Hj^ O = Ca (HO),). Slaked lime, 
Ca (HO),, combines with carbonic acid, CO,, as follows: 

Ca (HO), 4- C O, = CaCO, + H, O 
74 lb. slaked lime combines with 44 lb. of carbonic acid, producing 
100 lb. of calcium carbonate and 18 lb. of water ; 
About 1 lb. of quicklime dissolves in 700 lb. of water, giving a 
clear solution, or 1 lb. of slaked lime to 530 lb. of water ; since 1 lb. 
of carbonic acid combines with about 1.7 lb. of slaked lime, to dis- 
solve 1 lb. of carbonic acid requires 630 x 1.7 = 901 lb. of lime 
water. 

Acetylene combined with oxygen gives the following reaction : 
2 C, H, + 6 O, = 4 C O, + 2 H, O 

26 lb. of acetylene combines with 80 lb. of oxygen, producing 88 
lb. of carbonic acid and 18 lb. of water. Therefore, 1 lb. of acety- 
lene produces 3.38 lb. of carbonic acid or about 30 cu. ft. at atmos- 
pheric pressure. To absorb 3.38 lb. of carbonic acid requires 
(901 x 3.38 = 3046) 3046 lb. of lime water. In other words, to 
burn 1 lb. of acetylene and absorb the products of combustion in 
lime water would require about 3046 lb. of the latter. 
1 lb. of acetylene yields about 21,000 B.t.u. of heat in burning; as 
compared with this, 3046 lb. of water, having a volume of about 60 
cu. ft., have a heat storage capacity' under 200 lb. pressure of about 
900,000 B.t.u. 

Thus it will be seen that about 46 times the amount of heat pro- 
duced in burning 1 lb. of acetylene can be stored in the water re- 
quired to absorb the products of combustion of acetylene, clearly 
showing that for the purpose in view, it is more practicable to store 
heat in water than to burn acetylene (or any other hydro-carbon) 
and absorb the carbonic acid gas produced, in lime water. 

The following data will be found useful in considering the seven 
suggested methods of heating: 

COMBUSTION OF CARBON AND OXYGEN 

1 lb. of carbon unites with 2 2/3 lb. of oxygen, producing 3 2/3 lb. 
of carbonic acid (CO,). 

1 lb. of oxygen has a volume of 11.2 cu. ft. at atmospheric pres- 
sure and temperature. Therefore, 2 2/3 lb. has a volume of 30 
cu. ft. approximately. 

1 lb-, of carbon unites with 30 cu. ft. of oxygen. For each pound 
of carbon burned, 14,600 B.t.u. are released. Therefore, for each 
pound of C O, produced, 3,964 B.t.u. are liberated. 

Heat per pound of oxygen consumed : 

14,600 -^ 2-2/3 = 6,437 B.t.u. 
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COMBUSTION OF NOBEL'S POWDER 

Composition : 

Nitroglycerine 23.10 gram. 

Nitrocellulose 33.10 

Perchloride Ammonia 60.35 " 

Camphor 3.45 " 

Space : 

1 lb. occupies 31 cu. in. 

Products of Combustion: 

Volume of gas at 32 deg. fahr 11.29. cu. ft. 

Volume Weight 

Carbonic Acid 28.3 per cent 41.26 per cent 

Nitrogen 16. per cent 13.86 per cent 

Water Vapor 42.6 per cent 26.24 per cent 

Chlorine 11.2 per cent 16.64 per cent 

Oxygen 2.8 per cent 2.96 per cent 

100 per cent 100 per cent 

Heat of Combustion : 

Expressed in pound-degree fahr 3087 B.t.u. 

Estimated Pressure When Burned in a Closed Chamber: 

Per cent of Space Estimated Pressure 

Filled by Powder Tons per sq, in. 

10 per cent 2.2 

20 per cent • 4.3 

21 per cent 4.7 
30 per cent 8.7 
42 per cent 13.4 
53 per cent 19.5 
60 per cent 22. 
70 per cent 30. 
80 per cent 46. 
90 per cent 53. 
93 per cent 56. 

COMBUSTION OF HYDROGEN AND OXYGEN 

2 volumes of H unite with 1 volume of O to produce 2 volumes 
of steam. 

1 lb. of H unites with 8 lb. of O to produce 9 lb. of steam or 
water. 

H :0 = 1:8 

Heat of Combustion: For each pound of H combined with 0, 
60,000 B.t.u. are released. Therefore, for each pound of HjO 

60,000 

produced by the union of H and O = 6,666 B.t.u. are 

9 
liberated. 
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60,000 

Heat per Pound of Oxygen Consumed = = 7,500 B.t.u. 

8 

To produce 14,500 B.t.u. (heat of burning 1 lb. of carbon) re- 
quires 43 cu. ft. of hydrogen and 86 cu. ft. of oxygen ; at 2,000 lb. 

pressure (0.33 cu. ft hydrogen) 

(0.66 cu. ft oxygen) 

Data concerning Bottles of Hydrogen and Oxygen Supplied by 
Air Reduction Sales Company, New York, N. Y. : 

Weight of imcharged bottle holding 200 cu. ft. free gas 142 lb. 

Weight of uncharged bottle holding 100 cu. ft. free gas ...... 80 lb. 

Length of bottle overall (200 cu. ft.) 4 ft. 8 in. 

Length of bottle overall (100 cu. ft.) : . . .4 ft. 

Diameter of bottle outside (200 cu. ft.) 10 in. 

Diameter of bottle outside (100 cu. ft.) 7 in. 

Pressure of gas in charged bottle 1800 lb. per sq. in. 

Weight of hyrogen per cu. ft 00559 lb. 

Weight of oxygen per cu. ft 08921 lb. 

Weight of 200 cu. ft. of hydrogen 1.018 lb. 

Weight of 100 cu. ft. of oxygen 8.921 lb. 

Weight 1 bottle of H (200) and 1 bottle of O (100) 232 lb. 

Heat from 200 cu. ft. H and 100 ft. 60,000 B.t.u. 

60,000 

Heat units per lb. = •. . . 258 B.t.u. 

232 

COMBUSTION OF ACETYLENE AND OXYGEN 

Acetylene — Cg Hz' 

Weight per cu. ft 0.07251 lb. 

Volume per lb 13.792 cu. ft. 

1 lb. of acetylene unites with 2^ lb. of oxygen, producing 3)4 lb. 
of carbonic acid and water vapor : 

2 CgH, + 5 O2 = 4 C O2 + 2 Hj O 

2)/^ lb. of oxygen have a volume of 28 cu. ft. 

1 volume of acetylene combines in practice with 1.7 volumes of 
oxygen in welding practice (theoretically 2)4 volumes). 

200 cu. ft. of oxygen can be obtained in a cylinder weighing 142 
lb. and measuring 4 ft. 8 in. long and 10 in. in diameter. 
Heat of combustion of 1 lb. of acetylene gas with oxygen, 

21,000 B.tu. 

Heat of combustion of 1 cu. ft 1,450 B.t.u. 

Temperature of combustion 6,300 deg. f ahr. 

Acetylene is produced from carbide of calcium and water 

CaCj + H2 O = C2 H2 + Ca O 
Ca O + H2 O = Ca (HO)2 (Calcium hydrate) 

1 lb. of carbide produces theoretically 5.83 cu. ft. of acetylene 
gas but in practice about 5 cu. ft. 
To produce 1 lb. of acetylene gas requires 2.76 lb. of carbide. 
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1 tank of oxygen containing 200 cu. ft. will combine with 7.13 lb. 
of acetylene gas, theoretically, yielding: 

21000 X 7.13 = 149,730 B.t.u. of heat 

Weight of tank and oxygen approximately 160 lb. 

Weight of carbide, approximately 20 lb. 

Total ; 180 lb. 

149,730 

= 830 B.t.u. per lb. 

180 
Acetylene is a colorless gas; its density is 0.92; it has a strong 
odor when not purified ; it liquifies at deg. cent, when compressed 
21.6 atmospheres; its critical point is 37 deg. cent.; the liquid occu- 
pies -TT^TT- the volumes of the gas ; the liquid and the gas are ex- 

plosive under certain conditions; ignites in contact with air at 480 
deg. cent. ; mixed with air in ratio of 3 to 82 it is explosive ; the tip 
of a burner may become hot enough to decompose some of the gas 
under low pressure. 

Carbide and water generate heat. Therefore, a generator may be 
a source of danger. The temperature may reach 600 deg. cent, and 

2 
the amount of heat is about -^ - of combustion of carbon. 



HYDRO-CARBONS 



Heat units Heat units 
per lb. per cu. ft. 



Hydrogen 61,560 

Carbon 14,540 

Crude Petroleum 18,324 

Benzine C^ H^ 18,448 

Gasoline 11,000 

Illuminating Gas 800 

Water Gas — American 185 

Producer Gas — English 150 

Ethylene olefiant— Gas C^ H, 21,430 1,677 ' 

Gasoline Vapor 11,000 690 

Acetylene C^ H^ 21,492 868 

HEAT STORAGE CAPACITY OF WATER AND STEAM AT VARIOUS 
PRESSURES 

Absolute Pressure, lb 14.7 100 200 . 300 400 500 

Gauge Pressure, lb 

Temperature, deg. f ahr 

Heat in 1 lb. Water above 32 deg., 

B.t.u 

Heat in 1 cu. ft. Water above 32 

deg., B.t.u 

Heat in 1 lb. Steam above 32 deg., 

B.t.u 

Heat in 1 cu. ft. Steam above 32 

deg., B.tu 

Volume of 1 lb. Steam, cu. ft.... 
Weight of 1 cu, ft. of Water, lb.. 





212 


85 
327.6 


185 
382 


285 
417 


385 
445 


485 
467 


181 


299 


355 


391 


420 


443 


10860 


16744 


19347 


20723 


21840 


221S0 


1147 


1182 


1198 


1209 


1218 


1224 


44 

26.36 

60 


270 

4.36 

56 


527 
2.27 

54.5 


709 

1.535 

53 


1040 

1.167 

52 


1300 

.942 

52 
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LEAD STORAGE BATTERY 

The battery equipment for a submarine boat, consisting of 120 
units, weighs 120,000 lb. 

Total capacity 500,000 watt hours 

Voltage, per cell 2.15 to 1.55 

Capacity per lb. of battery 4.17 watt hours 

Dimension of the battery 81 in. x 360 in. x 40 in. 

Cubic contents 700 cu. ft. 

Capacity per cu. f t 714. wait hours 

(1 Watt = 3.43 B.t.u. per hour) 

Capacity per lb. of battery 14.3 B.t.u. per hour 

Capacity per cu. ft 2240 B.t.u. per hour 

6 heating units require 13,800 watts; to use them 24 hours would 
require 13,800 x 24 = 331,000 watt hours, which is 6() per cent of 
the capacity of the battery. This would reduce the submerged 
cruising distance by that amount. 

331,000 watt hour = 1,135,000 B.t.u. 



DATA OF EDISON 3TORAGE BATTERY 

Edison Cell — Submarine Type. (Information obtained from the 
Edison Storage Battery Company, Orange, N. J.) : 

Weight, per cell 5001b. 

Voltage, per cell 1.2 

Capacity, 2 hr. rate 3,000 watt hours 

Capacity, 3 hr. rate : . .4,500 watt hours 

Capacity, 5 hr. rate 4,800 watt hours 

Capacity, 10 hr. rate 5,000 watt hours 

Capacity per pound of cell (10 hr. rate) 10 watt hours 

Size of cell, 8 x 18j4 x 39 in. = 3.34 cu. ft. 

and 8 x 18J/^ x 44^ in. = 3.8 cu. ft. 

Capacity per cubic foot of space (10 hr. rate) 1,500 watt hours 

Capacity per cubic foot of space ( 3 hr. rate) 1,340 watt hours 

(1 watt = 3.43 B.t.u. per hour) 

Capacity per pound of cell (10 hr. rate) 34.3 B.t:u. per hour 

Capacity per cubic foot of space (10 hr. rate) . .5145. B.t.u. per hour 
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IMPROVEMENT OF HEATING CONDITIONS BY PROPER INSULATION 

It is thought that conditions might be very much improved if the 
interior of the surface of the boat be properly insulated with a suit- 
able material such as cork or cork product of suitable thickness 
placed a distance away from the inner shell and divided into vertical 
pockets which should be open at top and bottom in order to provide 
circulation of air which will make provision for the condensation 
and moisture given out by the occupants of the boat. 

It is thought that a suitable plan of this character would render 
the necessity of heating the interior of the submarine practically 
negligible as the animal heat from the occupants would be practi- 
cally sufficient to provide comfort so far as heat is concerned. 

SUBMARINE VENTILATION 

This question involves winter or Arctic conditions, and summer 
or Tropical conditions ; it also involves surface and submerged con-' 
ditions, and each of the latter, when in motion and standing still; 
then each of the latter are again subdivided to cover fair or foul 
weather; then there is heating in winter and cooling in summer, 
thus making altogether a combination of many varied conditions, 
which must be provided for. 

The following covers in a general way, what should be provided to 
make these vessels habitable and comfortable: 

Winter Ventilation: a. Submerged: — Natural ventilation is im- 
possible, whether standing or moving, in any kind of weather. 
Artificial ventilation is positively necessary when submerged. 

b. On Surface: — Natural ventilation is uncertain in foul weather, 
whether standing or moving, and unbearably cold when rimning 
in fair weather. Except for the discomfort resulting from the 
cold, natural ventilation is possible in fair weather, when stand- 
ing. Artificial ventilation must be resorted to when standing 
in foul weather ; the boat can be made more comfortable in fair 
weather, than is possible with natural ventilation. 

Winter Heating : General Requirements : — Heat for the comfort 
of the officers and crew should be available at all times during the 
winter, or when in arctic waters. At present the practice is to use a 
few small resistance coils occasionally, but this is bad practice be- 
cause of the drain on the storage batteries, which reduces the operat- 
ing range of the motors when the vessel is run submerged. 

There are two ways to obtain heat, other than the present means ; 
especially in larger submarines than have heretofore been built for 
the Navy, assuming that larger boats will be built hereafter; When 
running on the surface, the jacket water from the engines can be 
used in "film" radiators; or, the jacket water can be heated and 
stored in an insulated tank and circulated by a centrifugal pump 
when submerged; or a small coil boiler can be installed to supply 
enough heat to make the living quarters more comfortable than at 
present. Artificial heat is desirable all the time in winter, whether 
the vessel is submerged or on the surface, whether standing or mov- 
ing and whether the weather is fair or foul. 
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The heat from the jacket water, if used direct, will only be avail- 
able when the engines are running, and this is only when the vessel 
is in motion, or when standing with the engines running, while 
charging the batteries. If provision is made to store a moderate 
quantity of hot water, while the engines are in operation, and circu- 
late this by a small motor-driven centrifugal pump while the vessel 
is submerged, it will prove effective as a means of making the quar- 
ters more comfortable as the relative time one of these vessels is 
submerged, as compared to the total time they are on duty, is small. 
With a small auxiliary oil-fired, coil boiler attached to the tank, the 
vessel could be kept at a comfortable temperature when off duty for 
long periods. 

Summer Ventilation: a. Submerged: — Natural ventilation is im- 
possible, whether standing or moving, in all kinds of weather. 
Artificial ventilation is positively necessary, when submerged. 

b. On Surface: — Natural ventilation is possible under some condi- 
tions whether standing or moving in foul weather. Artificial 
ventilation is possible under all conditions, whether moving or 
standing, in either fair or foul weather, hence it should be pro- 
vided. 

Summer Heating : No heating is required in the summer, unless 
the vessel goes into arctic regions and occasionally when the weather 
is raw and cold at sea. However, any provision made for winter 
duty will be more than ample for summer and the heating plant 
should be available for instant use whenever required. 

Summer Cooling: With the properly designed ventilating plant, 
the vessel should be kept fairly comfortable at all times, by a copious 
circulation of air well directed through adjustable outlet nozzles, so 
placed as to enable the crew to direct the flow of air either onto 
themselves, or to some other direction, whichever affords them the 
greatest comfort. 

The volume should be well above the usual standards, as the ad- 
vantages gained will far exceed the slight difference in weight, space 
occupied and power consumed to operate the plant if confined to the 
limits of the least that can be gotten along with, especially when 
serving as a means to give relief from extreme heat. 

The day the three submarines were inspected for the purpose of 
making these recommendations, if was very cold; it requires no 
stretch of imagination, however, to appreciate what it must be like 
when confined in one of them, while lying at anchor in a tropical 
harbor, with the sun beating down on the steel deck above. In 
some respects, cooling appears more essential than heating and 
should have every consideration in any contemplated modifications 
or improvements. 
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Purifying or Reviving the Air: We do not feel it falls within 
our province to undertake to make any recommendations as to the 
way to proceed to make the air usable over and over again, for long 
periods, while the vessel is submerged, as that is a study in itself, 
and has already received a vast amount of thought from those 
closely associated with the development of submarines, as well as 
from the most competent chemists. 

It is perhaps sufficient to say, that any devices which are devel- 
oped for purifying or reviving the life-sustaining qualities of the 
air, must be so designed as to become lan integral part of the venti- 
lating system and be easily switched off or on, depending upon 
whether fresh air is available, or the air within the vessel has to 
be recirculated. It should be possible to accomplish this without 
material complexity. 

These recommendations are based on the idea that it is the pro- 
gramme to build larger submarines than have heretofore been built. 
Space would hardly permit these recommendations being executed in 
the small vessels, and while there will be no waste space in the larger 
vessels, yet, they can be incorporated into the design of the newer 
type if they meet with approval and there is a disposition to adopt 
them. 

Respectfully submitted, 

B. C. Batcheller 
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No, 524 

CLASSROOM VENTILATION 

By Konrad Meier, Winterthur, Switzerland 
Member 



THE paper on classroom ventilation and respiratory diseases 
among school children by S. Josephine Baker, M. D., (No 
68 Reprint series, Department of Health of the City of New 
York) presents data of considerable interest and value because 
of the prolonged and evidently painstaking observations made. But 
while the statistics on health are fairly complete and will be accepted, 
at least as to the diseases in question, the study fails to define the 
exact conditions under which they were obtained and ignores cer- 
tain factors that may have had bearing upon the results. The 
conclusions therefore are open to question and apt to mislead. 

As a student of this particular subject for many years and having 
no interests at stake, the writer may be permitted to join in the 
general discussion, pending the publication of the complete data on 
which a more definite opinion may be based. 

The first of the four conclusions states: "That children in class- 
rooms with closed windows and ventilated by mechanical methods 
were more subject to respiratory diseases severe enough to keep 
them from school attendance than were children who were in class- 
rooms kept at the same or lower temperature and ventilated wholly 
by open windows." This finding is apparently based on the tables 
of data on cause of absence in which, however, the temperatures are 
not given, but simply mentioned to be approximately equal for the 
classes of type C, the mechanically ventilated, and type B, with 
window ventilation. According to the tables on the effect of tem- 
perature, this factor is given in averages, but for different group- 
ings of classes, mixing up the window and mechanical ventilation, 
but showing most of the latter to have been identified with the 
warmest group of rooms. Since the analysis on the basis of tem- 
perature shows the greater variations, this factor seems preponder- 
ant and altogether more likely to account for the difference between 
types B and C than the method of ventilation alone. The results 
with type A, the window ventilated classes at low temperature, do 
not disprove that influence. The figures for the group of coldest 
rooms would rather confirm it, as one might expect the extremes 
to be less favorable. 
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While temperatures between 50 and 60 deg. fahr. are lower than 
most of the children are used to at home and are not comfortable 
in ordinary clothing, it is equally true that rooms heated to 68 deg. 
fahr. are really warmer than necessary and anything over 70 deg. 
fahr. is unwholesome in winter, because not suited to the active 
child of school age. But aside from the depressing effect on vitality 
overheating is undesirable, because it increases the tendency to 
draughts and the liability to take cold. It is probable, that the 
classes of types B and C had been more or less overheated. From 
the results with type A one might conclude lower temperatures to 
have been more conducive to health. The best range is not estab- 
lished by this study, but according to other investigations and 
experience it is likely to be between 64 and 66 deg. fahr., depending 
somewhat on conditions affecting the sensible heat. 

The above finding may therefore very well be due to the more 
frequent overheating of the mechanically ventilated classes. This 
fact seems to have been regarded as co-incident to the type of 
ventilation, but no figures are offered which would show whether 
the fault lay in the system, in the manner of application, or in the 
attendance. The records of air conditions and temperatures of air 
supply and exhaust at the beginning as well as at the end, giving 
the rise during the sessions, would have furnished valuable data 
and proved that point. 

The conclusion fails to mention the greater absence due to sickness, 
other than respiratory, for type B, which held true for both periods 
of observation and would indicate the effect of taking cold from 
open windows, especially in the highly heated rooms. The apparent 
advantage of less respiratory diseases found for type B and prob- 
ably due to temperature, is in fact nearly offset by a greater tendency 
to other ills, the total being 33.7 per thousand for type C against 
33.4 for type B during the mid-winter test, and 39.2 against 36.3 
for the early spring test, which would naturally favor window 
ventilation. These figures suggest, that during the latter study there 
were probably a number of mild days (as also confirmed by the 
record of overheating) during which the window ventilation pre- 
sents no difficulties and is recognized to be the proper thing. This 
means, that possibly the inquiry had not been limited to the condi- 
tions for which mechanical ventilation is intended, nor is it certain, 
whether it had been confined strictly to the recognized field of 
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subject to respiratory diseases not sufficiently severe to keep them 
from school attendance than were children who were in classrooms 
kept at the same or lower temperature and ventilated wholly by 
open windows." The records of sickness in reference to this point 
show a decided increase for type C as compared with type B and 
indicate a larger influence on the slight respiratory ailments. How- 
ever, it seems fair to conclude, that these are also induced mainly 
by overheating, as the highest rate of respiratory disease in at- 
tendance was observed in the 26 warmest rooms during the longer 
mid-winter study and after the windows of type B were protected 
with deflectors, so that the effects from that source were probably 
reduced. The low temperatures of type A also seem to have a 
more pronounced effect on the slight respiratory cases. Since the 
method of ventilation is the same as for type B, the influence of 
temperature is again most probable, the extremes in both directions 
causing harm. 

Unfortunately, the sickness other than respiratory amcmg the 
pupils in • attendance is not stated, so that the general effect on 
health remains in doubt. In any event, the second finding is by no 
means conclusive in regard to the diseases in question unless the 
complete records show that a difference in air condition existed 
and was due to the method of ventilation. 

As to the third finding: "That the relative humidity of class- 
rooms, whether ventilated by natural or mechanical means, was 
not a causative factor in the occurrence of respiratory illness among 
school children," it merely confirms the subordinate influence of the 
percentage of saturation in itself. The controversy upon this point 
arises largely from the fact, that this percentage does not really 
express the effect of moisture on comfort, just as the ordinary (dry 
bulb) thermometer readings do not accurately give the sensible 
temperature. The latter runs more nearly parallel with the wet 
bulb readings, but these again do not absolutely measure the degrees 
of comfort, since that is dependent on still other factors, such a5 
air movement and radiant heat. It would have been of greater 
interest to analyze on the basis of wet bulb temperatures, as observed 
during the sessions, not only afterwards. 

The influence of moisture on air conditions depends further upon 
its ability to purify the air, that is, upon the manner in which it is 
applied and indirectly also upon the sources of dust. Moistening 
improves the air, when effected by washing the supply before the 
entrance into a classroom. Such benefit ceases, however, if the 
washer is allowed to become foul. The results may also be more 
or less offset by unsanitary heating apparatus gathering, drying and 
circulating dust, which is always present in schools. It has been 
shown, that decomposition of dust on direct heating surfaces, which 
creates that unpleasant odor when steam is turned on, is favored 
by moisture. For these reasons, moistening within the rooms will 
rarely do any good. It does not purify, but merely relieves excessive 
dryness of overheated air, which could be avoided by better methods 
of heating. 
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As far as the records presented in the paper permit analysis at 
all, one might reasonably arrive at the following conclusions, apply- 
ing, of course, only to the twelve plants under observation, which 
may or may not have been representative and within the field of 
mechanical ventilation : 

1. The occurrence of respiratory diseases severe enough to keep 

children from school seems to be influenced more by tempera- 
ture than by the type of ventilation. Whether the former is 
coincident with the latter. is not shown. A disadvantage of 
mechanical ventilation in respect to such diseases is not estab- 
lished and not likely for equal temperatures. 

2. The absence due to all kinds of sickness are practically equal 

for both types in spite of the less favorable temperature con- 
ditions maintained in the classes having mechanical ventilation. 

3. The bearing of mechanical ventilation on respiratory diseases 

among the pupils in attendance, that is, upon the slight, but more 
. numerous cases, is probable alongside of temperature, but not 
certain. 

4. The effects on indisposition in general among the children in 

attendance does not seem to have been noted. 

5. The preponderant influence of temperature on the rate of disease 

suggests that the results have more to do with the heating and 
possibly with the moistening as affecting sensible temperature 
and purity of the air. 

6. The results show the absolute necessity of obtaining complete 

records of the performance of the heating and ventilating ap- 
paratus observed, particularly as to the variations in tempera- 
ture and quality of the air during the sessions, so that com- 
parison may be based on what can reasonably be expected from 
the plants in question. 

Evidently, such investigations conducted mainly from the medical 
point of view and failing to take into account the engineering side, 
cannot really give the correct answer to the question. When allow- 
ance is made for disturbing factors, they will at best bring out a 
general tendency. This, however, confirms again that even the later 
practice in mechanical ventilating is not yet meeting all the reason- 
able expectations and that the earlier examples of the art in a 
great measure deserve criticism and are responsible for the opposi- 
tion now encountered. It will be for the engineers to study the 
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Ev€n the best of steam heating apparatus as now installed is hardly 
fit for class rooms, because of the locally intense and intermittent 
radiation. It is difficult to distribute and place the heating surfaces 
in such manner as to avoid disagreeable and excessive radiating 
eflFects for the nearest pupils. Any shields and screens used to 
prevent this turn the direct heat into indirect hot-air heating. This 
raises the air temperature for equal comfort, because of the missing 
radiant heat, which does not require the medium of air to be 
effective. The higher air temperatures mean excessive dr3mess 
and increasing dust nuisance. If, in addition, the fresh air supply 
is tempered by indirect steam-heating surfaces without previous 
cleaning, this. dry and dusty condition is not likely to be relieved by 
it. It may even be aggravated where the air is introduced above 
room temperature in order to assist heating or to avoid draughts. 
In such cases the satisfying effect of opening the windows lies not 
only in the stimulation due to the momentary cooling, but in the 
lower air temperatures maintained while fresh and cooler air is 
admitted. On mild winter days when there is a tendency to over- 
heating, this will naturally be found more pleasant and beneficial 
so long as the walls are not chilled and excessive draughts are 
prevented. But for average winter weather and especially in city 
schools, fair conditions are most difficult to maintain by such means, 
that is, by open windows. It is here that mechanical ventilation 
must step in. It will only be successful, however, if conditions are 
secured with it similar to those secured with open windows in 
pleasant weather. The air must be sweet and cool with gentle, 
barely perceptible, motion. 

The requirements of classrooms therefore might be better met 
by direct hot-water heating, which must, and can be, just as re- 
sponsive as steam, while providing radiant heat in milder form, 
gradually decreasing during the sessions and as the rooms are 
tending to warm up. The heating surfaces should be underneath 
the windows and outside walls and distributed for their entire 
length. This will avoid the need of screening against intense radia- 
tion, which is undesirable with any system. Heating surfaces should 
be easily cleanable and the dust should be seen so that it will be 
removed. Piping forming dirt corners should not be tolerated within 
the classrooms. 

It is preferable on the whole to have the heating sufficient in 
itself and independent of the air supply. The ventilating plant may 
then be designed and operated to better advantage, that is, rnore 
strictly for its own particular duties, which lie more in the direc- 
tion of cooling. It must carry off an excess of heat generated by 
a room full of pupils, sometimes increased by the sun or other lieat 
sources. This cooling is difficult to accomplish by an air supply 
that is first called upon to heat, because the changes from hot to 
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rooms under varying delivery. Heating with well-distributed and 
moderately hot surfaces, which creates the fewest hot-air currents 
and tends in itself to lower the air temperature, also allows a 
constant supply to be introduced at lower and more even tempera- 
ture, that is, with the least danger of draughts. But even then, air 
below room temperature cannot be introduced safely through one 
large register with open, meshes, as now most frequently used. It 
is advisable to provide two or three flues for classes of normal size 
with openings divided into several vertical slots, separated so as to 
split up the stream of incoming air and to mix it before it reaches 
the breathing zone. Since smaller flues are easily placed in the 
division walls, such lay-outs are not impractical and not unreason- 
ably expensive. 

A further cause of poor results is often found in the failure to 
provide proper means for the removal of the foul air. Any plenum 
system, depending on the pressure of the supply fan to crowd out 
the air somehow, is bound to be unreliable, because the renewal 
will then be largely affected by wind pressure, temperature and a 
number of conditions beyond control. Moreover, the distribution 
is always difficult to adjust where delivery is governed by acci- 
dental leakage. In rooms with leakage overhead where the out- 
ward pressure is greatest, a large part of the fresh air will never 
reach the breathing zone, which means reduced efficiency of ventila- 
tion. But a good exhaust system is not only desirable for the hand- 
ling of the proper volumes, it is also more effective in removing the 
school dust and stuffy air resulting from it, just as smoke is cleared 
away better under suction. From this point of view a slight excess 
of exhaust capacity would seem to be desirable and should do no 
harm in other respects. 

Mechanical ventilation can only meet the requirements, if the 
volume, temperature and purity of the air supply are under perfect 
control. If owners are not willing to pay for the equipment neces- 
sary to that end, it is better to desist. In most cases, however, it 
is possible to economize by boiling things down to the simplest form 
without sacrifice of capacity or essential parts. In fact, the plant 
is often improved in the process of working it over. 

Another factor bearing on the results, to an extent not generally 
appreciated, is the correct design of the air conduits. To plan and 
build these on sanitary and true aero-dynamic principles is not only 
practicable, but advantageous in more than one respect. It gives 
assurance of distribution and delivery with the least power and the 
fewest chances, of noise — in short, it makes for an efficient and 
smoothly working system. To obtain the best results is not a 
matter of following any particular set of rules in calculation, but 
of intelligent treatment of the individual problem. As guiding prin- 
ciples may be mentioned, that the ducts should always be as short 
and straight as possible and that the air supply ducts in particular 
should be made self-cleaning, which means a design with fairly high 
velocities and avoiding sudden enlargements and contractions, sharp 
tvirns and all unnecessary losses of motion in general. Even if s^lf- 
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cleaning, at least the horizontal mains should be accessible for in- 
spection and adjustment, if need be. The necessity for the latter, 
however, should be avoided by proper calculation, on the basis of 
even total pressure losses for all points of delivery. The design 
must go hand in hand with such calcul^ion. While the shapes 
must be suited to the material and be easy to build, it is always 
possible to find a solution assuring an easy flow and avoiding such 
features as are uncertain in effect. Even complicated systems, 
when accurately sized and installed under intelligent supervision 
should distribute the right volumes at the first trial without any 
deflectors or other adjustments. Dampers should not be required, 
except at the main intake and outlet on roof. Such plants are 
preferable, because they will handle the air with the least resistance 
and power, require moderate speed and mainly also, because they 
are less likely to be tampered with. Every opportunity for throttling 
and shutting off increases the chance of disturbing deliveries, hence 
also of complaints and interference by incompetent parties, which 
is a frequent source of dissatisfaction. Since the process of adjust- 
ment after installation is uncertain at best and we are never sure 
of its being carried out right owing to wind, weather and the per- 
sonal factor, it is best to forestall by accurate planning. This means 
painstaking work and experience in laying out and supervising, but 
then, mechanical ventilation is a complex and difficult matter pre- 
senting certain problems that cannot successfully be accomplished 
by thumb-rule methods. 

It may be an open question, whether an up-to-date direct hot- 
water heating apparatus with properly conditioned mechanical air 
supply and forced exhaust will come higher in first cost than the 
typical steam plant with its more expensive regulation and a venti- 
lating system of indifferent, but generally less economical design. 
There should be no question, however, that the complete and high 
class plant, when simplified in design and every part made to 
perform its duty, will prove the better investment to the owner. 
The one will satisfy and be of service, while the other is likely to 
fail in one or more respects and may soon be out of use. 

If mechanical ventilation is to have a future in schools and other 
public work, it seems necessary : 

1. To limit installations to cases within the legitimate field, that is, 

where natural methods, owing to particular and unquestioned 
conditions, cannot satisfy. 

2. To design new plants strictly on sanitary lines, paying more 

attention also to the heating apparatus. Heating should be 
independent of ventilation. Classes should be warmed mainly 
by radiant heat in mildest form and well distributed. The 
air supply must be pure and cool, its temperature but slightly 
lowering during sessions, which means careful distribution and 
diffusion. Positive means for exhaust are necessary to assure 
the proper change of air and desirable for the effective re- 
moval of dust. Careful design of ductwork is essential to 
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avoid irregular delivery of air in classes through tampering or 
throttling in other rooms. 

3. To go over the earlier plants, that have given rise to complaints, 

and improve or rebuild them in the light of present experience. 
This task is most diflicult and can be intrusted only to thoroughly 
competent and trustworthy parties, but it seems important to 
remove at least the worst and, so far as possible, all of the just 
causes of complaint. 

4. To obtain numerous records of air conditions for entire seasons 

secured by various systems of ventilation and heating in actual 
use, accompanied by accurate plans and descriptions of the 
plants. 

5. To start research as to the methods of heating and ventilating, 

that will produce in the long run and with the least difficulties 
the most desirable air conditions, measured by accepted stand- 
ards as well as by daily impressions. 

DISCUSSION 

John R. Hale: — Mr. Chairman, it seems to me that if this paper 
were taken in conjunction with Perry West's paper read in January 
and the discussion which followed and some note made in pub- 
lished volume of the transactions, it would bring the two together 
and perhaps give both sides of the story. 

E. V. Hill: — I want to call your attention to the first para- 
graph on page 4: 'The occurrence of respiratory diseases severe 
enough to keep children from school seems to be influenced more 
by temperature than by the type of ventilation." 

It seems that a good many of us are still running in circles in 
discussing this question of ventilation. The author makes a clear 
distinction between the temperature of the air in the room, pre- 
sumably, and the type of ventilation. Now there is no such thing, 
to my mind, as a type of ventilation. The ventilation of a room is 
determined by the various factors that influence it. For instance, 
the temperature is one of them, the humidity is another, dust con- 
tent is another. More important, perhaps, than the others is the 
wet bulb temperature, but to talk about types of ventilation is mis- 
leading. There are only two types, good and bad, although there 
may be a number of grades of each and when we consider all of 
the air conditions in a room that produce health and comfort, we will 
escape from a good many troubles we face. If, in those tests by Dr. 
Josephine Baker, we knew, which unfortunately we do not, all the 
factors that go to make up the air condition, we could analyze, and 
perhaps criticize, her results. 

It is foolish to talk about the temperature as a thing set apart 
by itself. What was the humidity? What were all the factors? 
In other words, was the ventilation good, bad or indifferent in this 
room? Sometimes it is good and sometimes it is the opposite. 
The same may be said of the mechanical. I think it is a funda- 
mental necessity, to get a conception of what is meant by ventila- 
tion and then we will not have to contend with these troubles. 
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A COMPARATIVE STUDY OF NATURAL AND 

MECHANICAL VENTILATION FOR 

SCHOOL ROOMS 

By F. Gardner Legg\ Detroit, Mich. (Non-Member) 

and 

W. F. Walker', Detroit, Mich. (Non-Member) 

EARLY last fall the Sanitary Bureau of the Detroit Depart- 
, ment of Health, in conference with those of the staflf of the 
Board of Education interested, decided to make some studies 
in class room ventilation. The ultimate object was to determine 
what qualities must be present in class rooms so that the physical 
well-being, comfort, and mental alacrity of the pupils may be at as 
high a standard as possible, and thereby render the pupil com- 
pletely at ease and readily responsive to the efforts and influence 
of the teacher. 

That no phase of school ventilation might be left unconsidered, 
the initial studies determined upon included a comparison of class 
rooms under atmospheric conditions definitely and automatically 
controlled on the one hand, in contrast to similar class rooms occu- 
pied by similar pupils in which the temperature was controlled as 
nearly as might be, while the humidity and air motion were factors 
of the outside condition controlled by adjustment of windows. 

For the purpose of this work the James Burrill Angell school 
was selected. This school, a 20-room, two-story building, was com- 
pleted just before the opening of the session in 1917, and repre- 
sented the best in design of school buildings at that time.^ It is 
situated in the center of one of the better residence districts o£ 
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air drawn from above the roof is washed, tempered and humidified 
and introduced into the room through supply registers near the 
ceiling of the inside wall and exhausted by gravity through registers 
in the same wall at the floor line. The control apparatus was set 
to maintain a uniform temperature of 68 deg. fahr. in the class room 
and a relative humidity of approximately 42 per cent. The building 
is built in the shape of a U with the open end to the west. 

The arrangement of rooms is shown in Fig. 1. It was decided 
to operate eight rooms with mechanical ventilation, and an equal 
number, having the same exposure, without any mechanical arrange- 
ment for ventilation. This lay-out brought a mechanically ven- 
tilated room directly above a naturally ventilated room and vice 
versa. 



FIG. 2. VIEW OF BAFFLES AND RADIATORS INSTALLED IN OPEN WINDOW 

VENTILATED ROOMS 

In order that the conditions in the naturally ventilated rooms 
might be the best obtainable under the circumstances extra radia- 
tion under thermostatic control was installed in front of the win- 
dows; the windows were screened with fine-mesh cheese cloth to 
break the wind and keep out the dust. Draft deflectors, 15 in. in 
height and having a slight inward slope, were installed so that the 
incoming cold air would be deflected and mix with the rising 
column of air from the radiators without causing undue draft on 
the heads of the pupils. The arrangement of extra radiation, 
screens, and baffTes is clearly indicated in Fig. 2. 

The work was completed and arrangements made for collecting 
and recording the data by February 1, 1919. It was decided to 
obtain the following information concerning the conditions in each 
room: 
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1. Temperature — Dry and wet bulb; to be the average of four 
selected stations in each room taken daily; 

2. Air Motion — Daily readings at each of four stations in a room ; 

3. Primary sense impression — ^To be the observer's impression 

upon entering the room ; recorded as "hot," "close," "pleasant" 
or "cool." 

4. Determination of CO^ — To be made at each station for pur- 
poses of determining (a), the total amount of air supplied and 
(b) the distribution of air within the room. 

5. DiAst count — To be made at each station ; determination made 

with Hill's dust counter. 



FTC. 3. EXTERIOR VIEW OF ANGELL SCHOOL, DETROIT, MICTT. 

6. Bacteria count — To be made at each station by exposing stand- 

ard Agar plates two minutes and incubating 24 hours at 20 
deg. cent.; 

7. Determination of fuel consumption — To be made by measuring 

condensation from all radiation and from radiation in naturally 
ventilated rooms; 

8. Determination of mental alacrity of pupils — By means of com- 

parative mental tests similar to the Binet test; 

9. Comparison of physical condition of pupils — By careful medical 
inspection and constant nursing supervision. 

The carrying out of this program was intended to occupy the 
greater part of one whole school year, in order that all weather 
conditions might be experienced. 

The attitude of the teaching staff was most favorable. In many 
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RESULTS 

Before proceeding to a detailed discussion of the data collected it 
must be clearly emphasized that in the judgment of the writers, no 
complete scientific data upon which definite conclusions might be 
based were obtained. The primary object of the experiment was 
to determine and measure the air conditions as they existed in the 
various rooms and by careful observ.ation to determine the physical 
eflFect of these conditions upon the minds and bodies of the pupils. 
It was impossible to accomplish this end. 

Before the observations had been carried on for two months a 
strong opposition developed in the teaching staff of the naturally 



FIG. 4. ARRANGEMENT OF SUPPLY AND EXHAUST REGISTERS IN TYPICAL 
MECHANICALLY VENTILATED ROOM 

ventilated rooms and from them was spread to the children and 
parents to such an extent that it was impossible to further conduct 
the experiment upon an unbiased basis. 

The opposition contended: (a) that it was impossible to keep 
the temperature and air motion conditions in the naturally-ventilated 
room within the bounds of comfort; (b) that the absences because 
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ventilated rooms superimposed. In the center of the chart the 
respective wet bulb temperatures are similarly indicated. At the 
bottom the primary sense impression is likewise recorded. Above 
the record of sense impression, arrows indicate the direction of the 
wind while the room exposure is shown in Fig. 1. 



FIG. 8. ARRANGEMENT OF FRESH AIR INTAKE AND EXHAUST OUTLETS 

ON ROOF OF SCHOOL 



Two important relations are manifest here : 
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Fig.. 7 shows the percentage of the average enrollment by days 
from October 1, 1918 to March 28, 1919. The upper curve shows 
the percentage of attendance in the naturally-ventilated rooms, the 
lower, that in the mechanically ventilated rooms. The first four 
months show a remarkable parallelism between the two curves, the 
influenza low point near the end of October and other influences 
are clearly reflected in both. Beginning about February 1st, how- 
ever, the curve for the naturally-ventilated rooms drops off abruptly 
falling through nearly three times the distance of the attendance 
curve of the mechanically ventilated rooms, and continuing low 
throughout the remainder of the observation period as compared 
with the lower curve. 

While the conclusions which might be drawn from this data seem 
to substantiate in a large measure the contention of the opposition 
to the natural ventilation portion of the test, yet the scientific veri- 
fication indicates to the writer the need of further study. 

DISCUSSION 

J. R. McColl:* — The Board of Health next year expects to 
make further tests of mechanical ventilation in this school and 
possibly choose some modern school which has now a gravity system 
and compare other tests with it. So far as the Board of Education 
is concerned, they will riot permit any tests in this school with open 
window ventilation. 

J. I. Lyle: — Will you explain why they will not allow any 
further experimentation in those rooms? 

J. R. McColl: — The protest was so strong that the Board of 
Education passed a resolution asking them to omit any more ex- 
periments in those rooms. 

H. M. Hart: — May I ask what the air speed was? Is there 
any record of what the air change was in the naturally ventilated 
rooms? It would be interesting if we could have another curve 
shewing the air supply on the first chart. In the naturally venti- 
lated room has the carbon dioxide and distribution not been charted 
at all? 

J. R. McColl: — No, it has not. The only record we have on 
that is the record of steam condensed in the radiators. 

E. V. Hill : — I think we have that data. 

J. R. McColl: — We have that data but it has not been worked 
out yet. 

Otto Armspach : — As I recall it, the amount of air supplied 
mechanically was 30 cu. ft. per seat, in the mechanically ventilated 
rooms. The CO, content was 10. 12 and as hie^h as 25 narts ner 
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E. V. Hill: — Indicating clearly that the air supply was much 
less in the naturally ventilated rooms than under ordinary condi- 
tions, which would be 1,000 cu. ft. per pupil. 

Perry West : — ^Was any record made of the relative dust counts 
and bacteria content? 

Otto Armspach : — In the mechanically ventilated rooms the bac- 
teria colonies on a two-minute plate were 8, 10 and 12, while in the 
naturally ventilated rooms it ran somewhat higher. I do not 
just recall those figures, probably 15 to 20. 

H. M. Hart: — That is bacteria? 

Otto Armspach : — Bacteria. 

E. V. Hill :— How about dust ? 

Otto Armspach : — The dust content was comparatively low. We 
got about 6,000 particles per cu. ft., slightly. higher in the naturally 
ventilated rooms. 

E. V. Hill: — This is a very interesting discussion. The only 
point to which I want to call your attention, one that I do not 
think was brought out clearly, is the attitude of the pupils and 
teachers toward this test. In going over the reports of the tests 
made in New York by Josephine Baker, I was particularly impressed 
throughout the entire series of tests with the fact that there were 
many schools in these series where the mechanical equipment was 
evidently very much below grade and so, when the Detroit Board 
of Health decided to make these tests, I talked with Mr. McCoU 
and Mr. Walker and insisted as far as I could that we select the 
very best school in Detroit. They have some very good schools in 
Detroit, so our selecting the best meant a very good mechanical 
equipment. The Angell School is one of the best mechanically 
equipped schools I have seen. Where pupils and teachers are ac- 
customed to good ventilation natural ventilation is a different propo- 
sition than where they have a poor equipment and then exchange 
that for natural ventilation. So in the Angell School we started 
with one of the best equipments, and the pupils and teachers were 
accustomed to it. 

When we went out there to decide which rooms we should make 
natural and which mechanical, the teachers were very much inter- 
ested and said: "At last the Health IDepartment has awakened to 
the fact that we must have fresh air." "You are going to put in 
window ventilation ?" "Yes." "That is the best. Will you assign me 
to an open window room? Oh, I hope you will assign me to an 
open window room." That was the attitude of the entire teaching 
force. The rooms were arranged, as Mr. McColl told you, so that 
the weather conditions would affect each equally, and after the 
question was settled among the teachers, concerning the occupants 
of the open window rooms, the tests proceeded. I was up there two 
days after the test had been discontinued by the order of the Health 
Department, and the attitude of the teachers had undergone a 
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remarkable change. They were so loud in their condemnation of 
the window ventilation — and I want to say that the window ventila- 
tion was as good as could possibly have been provided — that it was 
an illuminating situation to say the least. The stories they told 
were something remarkable. They were all sick, the children all 
had colds, one of them had to have the tonsils removed, and 
another had an affection of the ear. They were sick and tired of 
natural ventilation and absolutely refused to have the test con- 
tinued. 

We started out to make very elaborate and complete tests, com- 
paring air conditions in the rooms and the physical and mental 
conditions of the pupils and teachers. We were prevented from 
doing that, but we did get an illustration of what the people who 
are subjected to those conditions day in and day out think of them 
and while the test was a failure in so far as getting all the data 
is concerned, it was very valuable as illustrating this fact. 

The President: — It would seem that scientific methods have 
been adopted for the analysis of this controversy and there can 
be no more thorough method of dissipating an erroneous idea than 
that which has been adopted by these gentlemen and the Board of 
Health of Detroit. 

Frank K. Chew : — This morning when Prof. Barnes addressed 
us, he spoke about the professor and the practical man getting 
closer together. What has been done here as shown in this chart 
and what Dr. Baker has done, in both instances were conscientious 
efforts and the conclusions were conscientious, but in New York 
City, at the present time, an answer has not been given that will 
prevent a recurrence of just such an assertion as was made by 
Dr. Baker. Therefore Dr. Baker and the public need information. 
There are many people who will yet believe that open window 
ventilation in some form is the best thing. Dr. Hill has said they 
chose a good school. What the New York doctor chose I don't 
know. I doubt that much attention was paid to the equipment or 
the operation of it. 

There is a need for the engineer to get his information to the 
people where it will be effectively instructive to aid in forming 
intelligent opinions. I think that is possibly the solution. It is 
the function or duty of this Society to present its side of the case 
before the public better than heretofore. 

H. M. Hart: — ^The system of grading engineers in charge of 
school buildings is on the cost of operation of the plant to a great 
extent, and I believe it is a mistake, because there is a great incentive 
for the engineer to save coal under those conditions. The result 
is that he does not operate the mechanical ventilating system when 
it should be operated and as it should be operated. I believe that 
this society should go on record as being opposed to that system of 
grading engineers, that we should suggest a new method of grad- 
ing engineers and let that be on the results obtained along the line 
of attendance in the school. I believe that that would be a con- 
structive move. 
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James H. Davis: — I am heartily in favor of Mr. Chew's re- 
marks. Recently I was in Oklahoma City and had occasion to visit 
the big architects there who do a large amount of school work 
and specify the most approved methods. I foimd that they were 
very seriously considering open window ventilation at the sug- 
gestion of the Board of Education. I was able to give them some 
information on what is being done in Detroit and they were very 
grateful for it. The first thing they said was : "Where can we get 
that proceeding? Where can we find out about that?" And of course 
the only thing I could do was to refer them to Dr. Hill and Mr. 
McColl. 

The President: — It will be in our proceedings. I would suggest 
that a resume of this paper in short, pithy sentences be prepared. 
Sometimes those who are interested, especially Boards of Educa- 
tion, are influenced more by those short, pithy sentences, those con- 
clusions, than they are by the entire paper. They will not read 
with sufficient diligence to extract that which may very easily be 
put into just a few words and those few words then become the 
message. 

It is a most excellent suggestion, that the grading and the rating 
of those in charge of the ventilating systems shall be put, not 
upon the cost of operation but upon some other factor, for instance, 
the attendance at the school, if that be a proper measure of their 
efficiency. 

E. V. Hill: — Something very interesting in this chart is the wet 
bulb temperature, which is shown as a solid line in the naturally 
ventilated rooms and as a dotted line in those mechanically venti- 
lated. You have heard me say many times, and I believe I have 
convinced Professor McColl, and possibly one or two others, that 
the wet bulb temperature is the determining factor in comfort. I 
have been looking at the wet bulb curves in these charts. You 
will observe in the naturally ventilated rooms, after the thermostats 
were placed in good condition, that there was obtained a fairly 
constant wet bulb, 56 or 57 deg. 

Am I correct. Prof. McColl, in assuming that when the wet bulb 
temperature became uniform there was a correspondingly uniform 
attendance ? 

J. R. McColl:— Yes. 

E. V. Hill : — And when the wet bulb temperature is running away 
up, as it is here in the naturally ventilated rooms, you began to get 
this curve of attendance (indicating a drop in attendance) ? 

J. R. McCoLL :— That is true. 

E. V. Hill: — I am convinced that if the engineer is graded in 
accordance with the wet bulb temperature he maintains, the at- 
tendance will be satisfactory. 

H. M. Hart : — I would like to make a motion that a committee 
be appointed to present a suggestion for a proper method of grad- 
ing engineers in charge of school buildings. 
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The President: — Does any one second that motion? 
(The motion was seconded.) 

The President : — It has been moved and seconded that a com- 
mittee be appointed for the purpose of making suggestions as to 
the grading of engineers in schools. It is open for discussion. 

J. R. McCoLL : — In that connection there ought to be some stand- 
ard suggested as to what constitutes 100 per cent, attendance. The 
Board of Education had a peculiar method of rating their at- 
tendance. If a pupil was absent from school two days he was 
dropped from the roll. If there are forty pupils in a room and 
two of them are absent two days the roll then becomes thirty-eight 
instead of forty. Taking that as a basis, the naturally ventilated 
rooms would have shown a better attendance than the others be- 
cause the number of absent pupils in the naturally ventilated rooms 
was smaller by three or four days. So Mr. Walker established 
a basis of his own in which he took the average attendance of the 
whole year for the basis of his classroom roll. Now he admitted 
last night that for accuracy it should be based on the number* 
of pupils that should go to school any particular day, but that 
involves a great deal of investigation to see what the conditions 
are around town and what may have been the causes for non- 
attendance. It would be a very complex proposition to establish 
what would be the legitimate roll call that way. I presume Mr. 
Walker's standard is the proper basis of attendance. 

H. M. Hart: — I did not establish a basis for working that out; 
I merely asked the committee to make a recommendation. It may 
not prove to be on the attendance basis at all. It may be on a uni- 
form wet bulb temperature. 

W. N. Dambach :' — Here in Pittsburgh the Board of Education 
rates the janitors or engineers, as the case may be, upon the number 
of rooms in the building ; that is, the number of classrooms. 

E. V. Hill: — You mean they pay them on that basis? 

W. N. Dambach : — Yes. 

J. R. McColl: — How about licensing? 

W. N. Dambach : — Well, it is also based on the type of plant. 
For instance, in a mechanical plant we require the operator to be 
a licensed engineer. That is one of the requirements. 

J. R. McCoLL : — That is true of Detroit and true of most cities. 

James H. Davis: — In some sections the highest point of rating 
is the cost of repairs in the school in which the engineer is in charge. 
Inasmuch as we have in our membership three or four chief en- 
gineers of schools in the large cities, we should be able to get a 
pretty good idea of what constitutes right practice from them. 
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James A. Donnelly: — I have found in buildings well equipped 
with ventilation that the increased cost of ventilating a building 
acts as a sort of incentive or inducement to the operating man to 
poorly ventilate the building. In a number of hospitals that I have 
been interested in lately, I found that the salaries of the operating 
engineers and their standing in the institution had been considerably 
enhanced in the minds of those who paid the bills because they 
had materially reduced the expenditure for coal. 

.Now perhaps one thing which the engineering society might do, 
is to give some facts and figures as to the inherently greater cost 
of cod provided you buy fresh air. You can purchase stale air and 
apparently save money, but you lose fresh air ; you lose the cleanli- 
ness. The engineer of one of the largest hospitals in New York said 
he was confronted with that attitude by his directors in making up 
the annual budget. I suggested that he might take the cubic content 
of his wards and the necessity for ventilation and endeavor to 
get at a proper basis of the cost of ventilation per hundred millions 
of cubic feet or some other convenient unit, so that he might say 
in making up the annual budget, **If it is your wish we will buy 
so many hundred millions of cubic feet of ventilation in the open 
market and it will cost so much. If you do not want this ventila- 
tion you can save coal and your annual appropriation will be so 
much less.*' 

Now among all the textbooks on heating and ventilation, I know 
of none which give the direct comparisons between the amount 
of coal absolutely necessary in heating a building with direct radia- 
tion, in heating it with a combined direct radiation and venti- 
lation system, or in running an apparatus which both heats and ven- 
tilates with fresh air. In other words, ventilation considered from 
that point of view is not a mechanical question, it is a commercial 
question. The public, the readers of the daily press and the lay- 
men and boards of control in hospitals and schools, have never had 
laid before them that view of the situation, and it might be one 
worth considering. It seemed to me very deplorable that those 
operating engineers should be so well pleased with themselves and 
so well able to satisfy their employers by saving coal through cutting 
out ventilation, with the attendant loss of cleanliness and fresh 
air. I do not think they realized what they were doing. I do not 
think these men shout for open window ventilation or shut down 
the fan through ill-will. They do it from a different point of view 
and if our point of view is not before them let us blame ourselves. 

John R. Allen : — An inspection of many well installed ven- 
tilating systems will show, that in many instances these plants are 
either operated at one-half speed or not at all, in order to save 
coal. 

I have recently been connected with an institution that has in- 
stalled an excellent fan system for ventilation. This system has air 
washers and all the latest devices but the fan plants are never 
operated on account of the expense. 
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In the State of Minnesota they have an excellent law in regard 
to ventilation, requiring all schools to be provided with a very 
adequate ventilating plant but the law does not require that the 
plants shall be operated, and they are not operated. I think there 
is a great deal of missionary work to be done along these lines. 

W. B. Clarkson : — The whole problem lies with the question of 
education; our education, and then the education of the people. 
In a bam the thing that a farmer sees is his wet walls. If the 
inside surface of his bam room is dry he thinks it is well ventilated. 
And I suspect that in the schoolhouse, the thing seen or felt is the 
thing that must be corrected in order to satisfy at the present time, 
although it may not be the important thing to correct at all. It may 
be something entirely different. It may perhaps be Dr. Hill's 
relative humidity proposition ; it may be something else, but we must 
arrive at the facts, whatever they are, and then we must educate 
the people regarding those facts. 

The President: — Gentlemen, we have a motion before us 
which has been thoroughly discussed. If there is no further dis- 
cussion I will put the motion. All those in favor say aye ; contrary 
minded, no. It is carried. 
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FURTHER STUDIES IN METHODS OF DUST 
DETERMINATION 

By Dr. E. V. Hill, Chicago, III. (Member) 

and 
Otto W. Armspach, Chicago, III. (Member) 

IN a paper on Quantitative Determination of Air Dust% by Dr. 
Hill, the desirability of making fairly accuratedust determinations 
in ventilation work was pointed out and also the difficulties en- 
countered in the accomplishment of this end. Various instruments 
and devices with which experiments were made were also described 
and considerable space was given to the dust counter designed by 
Dr. Hill which is in use by the Chicago Health Department and the 
Chicago Commission on Ventilation at the present time. 

During the past few years a broader recognition has been given 
to the subject of air dust. Its growing importance is evidenced by 
the studies now going on from numerous sources. We are begin- 
ning to realize that dust is something more than a nuisance. Its 
effects on workmen in dusty trades, in coal mining operations and 
other occupations, from the standpoint of both health and safety, 
and its influence on air conditions in the school room and even in 
the home, are becoming better realized, and intensive work in the 
study of this subject is now in progress. Furthermore, the impor- 
tance of air dust in many commercial enterprises, such as the manu- 
facture of moving picture films, photographic processes and other 
industries, makes it imperative that a reliable method of dust de- 
termination be adopted in order that the efficiency of dust removing 
apparatus may be accurately determined and necessary progress 
and improvements made. 

Work in the near future will doubtless result in the adoption of 
certain maximum standards of air dustiness for these trades and 
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we will have results that show a wide variation and marked dis- 
crepancies even where conditions as to air dustiness are identical. 
This will result in a mass of observations and data that will be 
apparently conflicting and that cannot be compared, and for this 
reason it will be, to a great extent, valueless. It is extremely im- 
portant, therefore, that a standard method be adopted for this 
work or, if this cannot be done, the different methods in use should 
be compared and standardized so that the data collected from all 
sources will be of value. 

The continuation of experimental work in the division of ven- 
tilation of the Chicago Health Department since our last reports 
were made, has served to emphasize certain points bearing on the 
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FIG. 1. 

principles of dust determination and on the accuracy and useful- 
ness of the results. We will discuss these points in the following 
pages without attempting to cover the general field of air dust 
determination. In approaching the subject it is best classified, 
first, with regard to collecting the dust, and, second, measuring the 
quantity of dust in the sample : 

COLLECTING THE SAMPLE 

We will pass by the large number of methods employed by dif- 
ferent observers in collecting dust samples. These include suffitr 
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0. Collecting the sample by bubbling a measured quantity of the 
air through water, or passing it through a water spray; 

b. By catching and retaining it on an adhesive surface. 

a. Collecting Under Water: Some of the first experiments in 
testing air washers, conducted by Dr. Hill and reported to this 
Society in 1913, were made by the wash bottle method. Drechsel 
wash bottles were placed at the entrance and outlet of the washer 
and the dust samples collected in this manner. It was during this 
experimental work that we became convinced that all of the dust 
was not retained in the wash bottles; that a variable amount 
escaped, depending upon the rate of air flow through the bottles, 
the size of the bubbles and the character of the dust. To verify 
this suspicion the following test was recently made. 



FIG. 2. ARRANGEMENT OF THREE DRECHSEL WASH-BOTTLES FOR 
SAMPLING DUST IN AIR. 

Three Drechsel wash bottles were connected in series and an 
air sample drawn through them successively by means of a small 
high-pressure centrifugal fan. The air in the room was rather 
heavily charged with artificial dust, ordinary floor sweepings and 
sand being used in this experiment. After drawing 360 cu. ft. of 
air through the apparatus the amount of water in each bottle was 
made up to 200 c. c. by the addition of clean distilled water and 
counts of the particles made by means of a Sedgwick-Rafter count- 
ing cell. The results were as indicated in Table 1. 

In bottle No. 1 the average count per field of one square milli- 
meter was 114; in bottle No. 2 the count was 60, and bottle No. 3, 
38. Neglecting the dust that escaped from the third bottle, we see 
that the first bottle removed only 63.8 per cent, of the total num- 
ber of dust particles and the second bottle 61.2 per cent. The 
percentage removed by the third bottle is, of course, impossible 
to determine. 
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These samples were again shaken, generally for one minute, and 
another count made. The average for the first bottle in this count 
was 161, the second 56 and the third 32. The bottles were again 
shaken and a third count made, giving in the first bottle an aver- 
age of 176, in bottle No. 2, 59, and in bottle No. 3, 33, showing 
a good check on all counts in bottles No. 2 and No. 3, but a con- 
stant increase in bottle No. 1. 



TABLE I. RESULTS OF DRECHSEL WASH BOTTLES TEST 

Count No. 1 



Bottle No. 1 


Bottle No. 2 


Bottle No. 3 


135 


52 




30 


96 


38 




42 


95 


55 




38 


108 


55 




ZZ 


116 


62 




46 


111 


53 




35 


93 


75 




26 


119 


62 




37 


138 


69 




41 


126 


77 




3S 


.Average 114 


Average 60 




Average 38 




Count No. 


2 




Bottle No. 1 


Bottle No. 2 


Bottle No. 3 


134 


62 




25 


159 


43 




32 


146 


53 




39 


178 


72 




42 


125 


68 




36 


152 


63 




24 


169 


46 




32 


153 


39 




33 


169 


61 




30 


138 


54 




28 


Average 151 


Average 56 




Average 32 




Count No. 


3 
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The point we wish to make in this connection is, that bubbling the 
air through a 1 in. water seal does not remove all of the fine dust 
particles. The increase in the successive counts in bottle No. 1 
will be referred to later. 

At this point it may be of interest to consider briefly some of 
the fundamental principles in removing dust from the air. The 
commonly accepted belief is that the most efficient method is by 
bubbling the air through water or passing it through a water spray. 
The design of commercial air washers in use at the present time is 
based largely on this principle. Considerable ingenuity has been 
exhibited in the various spray or mist nozzles used, in an en- 
deavor to fill the spray chamber with an exceptionally fine mist 

DUST SAMPLE RCCQgD 

CHEMICAL CQWPQSm O/S >?y.^^/^^.^^ zpX Vf^^^jtz^^ AN ALYSIS //^ C/^ 

jaar'tt^/^^X. — 
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^m^, *v/m^^, u/ri/ ' or'm an^ /m/r' t ^/^j/a/e/s^ /M^^tc^j , 



PHYSIOLOGICAL ACTION 






CLASSIF ICATION / - TU-- ^ 



FIG. 3. 



or to create a thin wall of water by the flat spray, believing that 
the efficiency of the machine depends largely upon these features. 

As a matter of fact, the spray chamber in an air washer is 
very inefficient as a dust removing device. In conducting experi- 
ments last year with a specially-designed washer furnished through 
the courtesy of the Braemer Air Conditioning Corporation, we 
observed that the dust removed with both spray banks shut off, 
but with the flooding nozzles in operation, was almost as com- 
plete as with both sprays in operation. This induced the writers 
to conduct some experiments with the view of determining, if 
possible, the relative efficiency of the eliminator plates as com- 
pared with the sprays. These experiments were conducted as fol- 
lows : 

First, careful counts were made with the Dr. Hill dust counter 
at the inlet and outlet of the washer with both spray banks and 
flooding nozzles in operation. The test was made with a medium 
amount of garbage dust. (We have been using garbage dust in 
these experiments as it is easily procured, is very consistent in 
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quality and contains an extremely numerous and varied amount 
of materials. The product is dry, ground garbage as it comes from 
the reduction plant. It is of a dark brown color, of a rather 
pleasing odor, somewhat resembling coffee. It is reground in our 
laboratory through a Quaker-City mill, reducing it to a fine dust 
that passes through a 100 mesh sieve.) The efficiency of the 
washer under these conditions, from several tests, was 90 per cent. 
The next test was conducted under the same conditions except 
that both spray banks were shut off, the washer now operating 
simply with the flooding nozzles which served to flush the elimina- 
tors. Under these conditions the efficiency in dust removal was 
88.2 per cent. It is self evident that the total efficiency of the 
washer is not the sum of the efficiency of the eliminator plates 
plus the sprays, but that it is the sum of the two efficiencies minus 
their product. This is shown by the following calculations: 

Let A = the number of particles entering the washer, 
B = the number of particles leaving the washer, 
X = percentage removed by spray, 
Y = percentage removed by plates, 
T = total efficiency. 
Then XA = number of particles removed by spray, 

(A — XA)xY = the number removed by plates, 

A — XA—(A — XA)xY = B (1) 

Transposing ,...A — B = XA + AY — XAY (2) 

A — B XA + AY — XAY 

Dividing by A.. . = (3) 

A A 

A—B 

Canceling A ,., . = X + Y — XY (4) 

A 

Total efficiency {T)=X+Y — XY (5) 

Therefore the total efficiency equals the sum of the efficiency of 
the plates and the spray minus the product of the efficiency of the 
plates and the spray. 

In the present instance to find the efficiency of the sprays from 
these tests the formula is transposed as follows : 
T—Y 

X = 

1 — F 

Substituting in the tests referred to the values of T and Y we 
have 0.90 — 0.882 

X= 

1.0 — 0.882 
X = 15.2 per cent. 
Or, in other words, of the total number of dust particles entering 
the washer, 16.2 per cent, is removed by the sprays and of what 
remains 88 per cent, is removed by the eliminators. 

Further experiments have indicated that the efficiency of the 
eliminator plates depends largely upon their design, and we feel 
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that the theory can be quite safely advanced that dust is removed 
from the air by causing it to impinge against a wetted surface, 
and the nearer the angle of impingement approaches a right angle 
the greater will be the percentage removed. 

In this instance the reader should bear in mind that we are dis- 
cussing the removal of dust from air by counting the particles and 
not on the basis of weighing, and while it is probable that there is 
a close relationship between the two, we are not yet ready to make 
a statement as to this relationship. AH of our tests on the efficiency 
of air washers and other experimental work tends to prove that 
bubbling air through water or passing it through a spray is not the 
most efficient method of dust removal. 
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FIG. 4. 

b. Dust Collecting on Adhesive Surface : In the previous pages 
we advanced the theory that in commercial air washers, dust is 
most efficiently removed by causing air currents to impinge against 
a wetted surface and the nearer the angle of impingement ap- 
proaches a right angle the more efficient will be the device. This 
theory is the basis for the design of the Dr. Hill dust counter, 
except that the wetted surface of the air washer is replaced by the 
cover glass coated with adhesive material in the dust counter. In 
the air washer the dust that is caught by the wet plate is washed 
down into the tank. In the dust counter we wish to retain the 
particles, consequently an adhesive material must be used. The 
adhesive must be of such a nature that it will not readily evaporate 
or form a surface film when played upon by a continuous current 
of air. It must also be of proper consistency so that it will not be 
unduly disturbed from its original position on the cover glass. 

In the original experiments conducted with this device it was 
soon learned that all of the dust particles were not caught by the 
adhesive, — that many necessarily escaped. The problem was to de- 



Digitized by 



Google 



2% Transactions of Am. Soc. of Heat. & Vent. Engineers 

termine the percentage retained. To accomplish this, the cap- 
sules containing the adhesive plate were made with male and fe- 
male connections so that one could be superimposed upon the 
other and the air drawn through any number of capsules desired in 
series. In this way all the dust that escaped ^fter being thrown 
against the first adhesive surface was again thrown against the 
second and the third and so on until the last capsule shows no dust 
particles. In this way we were enabled to determine the percentage 
of the total amount of dust caught in the first capsule and calibrated 
the device with considerable accuracy. In the original experiments, 
we added capsule to capsule until six were superimposed and even 
under conditions of extreme air dustiness, practically no dust was 
found in the last capsule. Theoretically there should be some par- 
ticles on the last adhesive plate if our assumption is correct, namely, 
that each capsule* removes a constant percentage of the dust in the 
air that strikes it. This is not, strictly speaking, an assumption, 
as in all calibration tests made we have been unable to determine 
any marked or consistent variation in the percentage of dust re- 
moved in the various capsules. As it is a somewhat long, tedious 
process to calibrate by using the six capsules, the writer after 
making a considerable number of tests has adopted the following 
formula for calibration, using only two capsules. The derivation 
of the formula is as follows : 

Let X =: number of particles entering first capsule, 
p = percentage caught by cover slip, 
A = count on first cover slip, 
B = count on second cover slip. 

Then X X /» = number counted on first cover slip (1) 

XXp = A (2) 

X — ^ = particles entering second capsule (3) 

(X — A) X p = number counted on second cover slip. . . (4) 
(X — A)XP = B (5) 

Dividing (2) by (5) to eliminate p: — 

XXP A 

= - (6) 

(X-A)XP B 

X A 

= - (7) 

{X — A) B 

Solving this equation for X : — 
A^ 

^ = T-^ • (8) 

A — B 

A 
P = — (from equation (2) 

The number of particles entering first capsule is to the number 
entering second capsule as the count on first cover slip is to count 
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on second cover slip. The formula is applicable for any number 
of strokes of the pump. 

If the observer wishes to make exact determinations he can use 
the six superimposed capsules, in which case the instrument will 
remove 99.9935 per cent. For ordinary routine work, however, he 
can use the correction factor of 81 per cent, as the amount removed 
when using only one capsule. There are no other corrections and 
no mathematical computations except to determine the particles 
and to convert the amount of air handled by the pump to a cubic 
foot basis. Counts can be made of the specimen with a small 
amount of experience in microscopic work and ordinarily careful 
observers will not vary in the count more than 1 per cent. 



FIG. 5. CALIBRATING THE HILL DUST COUNTER. 
MEASURING THE SAMPLE 

After an air sample is taken by bubbling it through water the 
next step is to determine the amount of dust contained therein. 
This is done either by evaporating and weighing the residue, or by 
counting the particles in a Sedgwick cell. In the adhesive surface 
method the specimen is placed on the stage of the microscope and 
the count made directly. We will discuss, first, the determination 
of dust in the sample collected under water: 

Weighing-. In making determinations by weight, a large air 
sample must be collected. This is necessary in order to get a suf- 
ficient amount of dust for accurate determination. Where. the air 
is relatively free from dust many hundreds of cubic feet must be 
passed through the apparatus in order to get a sufficient sample 
for accurate weighing. This necessitates considerable apparatus, 
an accurate means of air measurements, and laboratory facilities 
for evaporating or drying the sample and for weighing the same 
when secured. The results are not as valuable as in the counting 
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method, owing to the fact that the wide variation in the weights of 
different kinds of dust renders these resuhs of little value. It is 
evident that in still air all dust will eventually settle out. The 
weight of the particles that remain suspended, therefore, depends 
upon the amount of air motion, currents from differences in tem- 
perature, etc. It can be seen that the heavier the material, the 
smaller will, of necessity, be the particles that remain in the air. 

Furthermore, in collecting samples for weighing, especially if 
collected under water, a microscopic study of the individual par- 
ticles is impossible and much valuable information that should be 
gained from this operation is lost. The weight of dust is no criterion 
of its irritating effects, or of its infectious nature. Determination 
by weight is difficult, tedious and cumbersome and it can be safely 
concluded that, except in special cases, it is of little value. 

Counting with the Sedgwick-Rafter cell: In determining the 
dust content of a sample collected under water by the counting 
method, the Sedgwick-Rafter cell is universally employed. For the 
benefit of the uninitiated, I will say briefly that the cell consists of 
a rectangular frame of brass mounted on a standard glass slide 
for microscopic work. The interior of the cell measures 20x50 
mm. and is 1 mm. in depth, so that the cubical content of the cell 
is 1 cu. cm. A thin glass slide is provided with the instrument 
and when the latter is filled with water, this sHde is carefully 
adjusted over the same so as to exclude air bubbles and insure 
that the sample is exactly 1 cu. cm. 

After the sample is collected under water the contents of the 
machine are withdrawn and the total quantity of the water made 
up to a certain amount, usually 50 cu. cm. The water is shaken 
to insure the even distribution of the dust particles throughout the 
liquid. A small amount is then withdrawn with a clean pipette 
and placed in the counting cell. In making the count, the ruled 
ocular of the microscope is usually adjusted to 1 sq. mm., so that 
the average count for a certain number of fields will be the amount 
in 1 cu. mm. of the sample. This is then multiplied by 1000, which 
gives us the total dust in 1 cu. cm., or the total contents of the cell, 
and then again by 50 for the entire content of the specimen. 

We see from the foregoing that there are several steps in the 
mathematical calculations necessary for arriving at the dust con- 
tent of the liquid in the sample. The count in one field is multiplied 
by 50,000 to arrive at the number of particles in the gross sample. 
An error, therefore, of one dust particle in a field gives an error 
of 50,000 in the sample. This constant source of error in the use 
of the Sedgwick-Rafter counting cell has been thoroughly dis- 
cussed by Mr. Geo. T. Palmer in his paper on Methods for De- 
termining Air Dustiness, which was read before The American 
Public Health Association, October 24th to 27th, 1916, and while 
this objection to the use of the counting cell is serious, it is much 
less so than an error from another source. 

In describing the test made by the bubbling of air through three 
wash bottles connected in series, we called attention to the fact 
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that in the first bottle the average was 114 particles. After again 
shaking the same bottle and making another count the average was 
161 particles. A third count was then made after a third shaking 
and the count was 176 particles. Multiplying each of these counts, 
first, by 1000, the content of the cell, and then by 200, which was 
the total amount of water in the sample, we find the count in the 
first instance was 22,800,000, for the second 30,200,000, and for 

TABLE 2. RESULTS OF SPECIAL TESTS OF SPECIMENS 
FROM HILL DUST COUNTER 

Control Test 

3 • 8 • 

2 10 

1 12 

3 9 

7 

2 6 

3 14 

2 13 

3 7 

1 8 

1 16 

3 10 
13 

4 12 

2 16 

3 13 
3 15 

3 12 

5 14 

4 6 

4 10 

5 4 

13 
4 12 

1 10 

10 

1 12 

3 8 

4 6 

5 15 

2 20 
— 11 

n 10 

17 



Average 2.5 



379 
Average 11.1 



the third 35,200,000, giving us an error of 12,400,000 dust par- 
ticles in a given sample by simply shaking the liquid for about 
two minutes. This small amount of agitation does not begin to 
compare with that received by the dust particles when the air 
is being bubbled through water over a period of several hours. 
This experiment was so illuminating that it was repeated in the 
following manner : 

A clean circular ^ in. cover glass was placed in the capsule 
of the Dr. Hill dust counter and smeared lightly with simple 
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syrup instead of the adhesive mixture usually employed. A sample 
of air lightly charged with garbage dust was then taken. The 
cover glass was removed from the instrument and another thor- 
oughly clean cover glass superimposed upon it. This was done 
to prevent additional particles being deposited on the specimen. 
It was then placed on the stage of the microscope and a careful 
count made. The count was 1785 particles. Next 35 cu. cm. of 
clean distilled water wer6 shaken in a cylinder graduate for one 
minute. A sample of this water was placed in the cell and counted 
longitudinally across the, cell. The count was as shown in the 
column headed, Control, in Table 2, the average per field being 
2.5, or the total number of particles in the 35 cu. cm., 87,500. 
The sample from the dUst counter was then dropped into the 
solution and shaken for one minute. During this operation the 
two cover glasses separate, the simple syrup passing immediately 
into the solution, liberating the 1785 dust particles contained be- 
tween them. A portion of the sample was then removed by a 
pipette, placed in the Sedgwick-Rafter cell and a count made 
exactly as in the control experiment. The result is shown in the 
column headed, Test, in Table 2. The average number per field 
was 11.1, or the total count 388,500. Subtracting the total dust 
particles in the original liquid, we have 388,500 — 87,500, or 301 ,000 
dust particles now in the liquid from the 1785 particles counted 
in the original specimen. 

It is perfectly clear from these experiments that in collecting 
dust samples under water, shaking the sample and making a count 
with the Sedgwick-Rafter cell, we obtain from 300 to 200 times 
the number of particles that originally existed in the air sampled. 

Direct Counting by the Adhesive Surface Method: Con- 
siderable has been said regarding this part of the subject under 
the classification of collecting the sample. We need only add fur- 
ther that the samples taken in this way are of much greater value 
from several standpoints. The particles themselves are not broken 
up by the process of collecting and their size, shape, configuration 
and general nature can be studied with considerable interest and 
profit. They are retained on the plate as they originally existed in 
the air and for this reason form a much truer indication of actual 
conditions than where they are collected under water and broken 
up* or otherwise altered by the process of collection. The sample, 
furthermore, is a permanent specimen, can be checked and re- 
studied by other observers, or it can be photographed for the pur- 
pose of a permanent record or future study. 

CONCLUSIONS 

1st — All dust is not retained in the process of sampling by pass- 
ing air through water or a water spray. Where this method is 
used the device should be calibrated and the amount retained by 
the instrument determined. Furthermore, dust particles are broken 
up by this method of collecting and the number of particles counted 
is not a true index of the number originally contained in the air 
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sample. It is unsuitable for the collection of dust that is soluble 
or where gases exist in the air that may cause chemical reactions 
with the sample retained in the liquid. 

2nd — ^AU dust is not retained where the sample is collected by 
causing the air current to impinge against an adhesive plate, and 
the amount that escapes must be determined by careful calibration 
and the correction factor used. 

NOTE: Exception may be made where the air is caused to impinge against a suf- 
ficient number of adhesive plates in series to remoxe all of the dust. 

3rd — Instruments for making dust determinations by weight 
give no information that is not given by the direct counting 
method and lack many of the desirable features of the latter method. 

4th — The Sedgwick-Rafter counting cell is extremely inaccurate 
and consequently not suitable for making determinations of air 
dust. This is due to the fact that the device has a large constant 
source of error and that the dust particles are broken up by the 
manipulations necessary and give a count frequently over 100 
times that of the number of particles contained in the original air 
sample. 

DISCUSSION 

J. R. McColl: — There is one point in the paper, in regard to 
air washers for removal of dirt, where it spoke of having it im- 
pinge on the surface. Practically that would be impossible, be- 
cause it is necessary for the air first impinging on the surface to 
get away from the succeeding air, like the turbine .engine proposi- 
tion. 

Some years ago I became quite dissatisfied with the design of 
existing air washers, most of which, at that time, were designed on 
the basis of a spray chamber or rainstorm to remove the dirt. Now 
a rainstorm will take the dust out of the air if you leave the air out 
in the rain long enough, but when the air is running through the 
rain washers at about 520 ft. per min. that air is in the spray 
chamber about % sec. No matter how fine a rainstorm there is, in 
}i sec. not very much dirt could be taken out of the air. At that 
time I supplemented my specifications with the statement that in the 
standard type of air washer, the spray chamber should be supple- 
mented with 1 sq. ft. of scrubbing surface for every 30 cu. ft. of 
air handled ; in other words, a 30,000 cu. ft. capacity washer would 
have 1,000 ft. of extra scrubbing surface. 

Two or three air washer concerns protested that this added an 
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the air pass through this scrubbing surface in fairly thin sheets, 
not over 1 in. in width, placed vertically, and make at least three 
or four abrupt turns, centrifugal action being similar to a lot of 
cannon-balls on a flat car going around a curve. The dust being 
heavier than the air, like the cannon-balls, would tend to seek the 
outside of the curve. 

Then, too, the slowing down effect of the friction of the surface 
will tend to produce eddies and bring some dust in contact with 
that surface and I found that the proportion of about 1 ft. to 33 
cu. ft. of air per min., will give very satisfactory results in cleaning 
the air. 



FIG. 7. APPARATUS USED BY PALMER IN SAMPLING DUST IN AIR. 

I am not quite sure whether the surfaces mentioned in the paper 
were that kind of eliminator plates or scrubbing surfaces pure and 
simple. 

O. Armspach : — The scrubbing surface to which you refer was 
one set of wetted plates, and in addition there was another set of 
dry plates. 

J. R. McCoLL : — Then you cut down the number of plates in the 
air washer, using some of them for scrubbing surfaces rather than 
eliminators ? 

O. Armspach : — A washer with one set of wetted plates serving 
as a scrubbing surface and one set of dry plates serving as elimina- 
tors was used. 

J. R. McColl: — How about the humidity of the air leaving the 
washer? 
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O. Armspach: — The humidity was relatively high, about 85 
per cent. 

Dr. E. Vernon Hill: — ^It has been the rule in the past, as you 
all know, to talk about the efficiency of an air washer as being 98 
per cent., 99 per cent., or whatever it might be. From tests in our 
ventilation laboratory certain interesting features have developed. 
For example, we have plotted two curves in a large number of 
tests, one by tests from the weight of the dust removed by the 
washer, and one from a coimt of the particles. These curves bring 
out a point which is of considerable interest. Where the amount 
of dust entering the washer is comparatively small, the efficiency of 
the washer is correspondingly low. The more dust entering the 
washer, the higher the efficiency becomes, and when we use what is 
commonly termed an "extra heavy dust," that is artificial dust, 
sufficiently heavy to be plainly seen in a room, the efficiency of a 
standard commercial washer will run up possibly to 90 per cent., 
possibly somewhat higher, depending somewhat upon the character 
of the dust, but under ordinary conditions where a washer is 
handling outdoor air the efficiency may drop to 70 per cent, 60 
per cent, or much lower than this. I believe it is safe to assume 
that if we continue this curve to cover the operation of a washer 
in the winter time when the ground is covered with snow, and the 
air comparatively free from dust, that the efficiency may go very 
much below the last point mentioned. I feel that we must in the 
near future change the entire method of rating the efficiency of 
washers. I should add that the curves were plotted from tests 
made in 1913, and the tests were conducted without any thought 
or knowledge on this point. When we took up the work again last 
year I asked Mr. Armspach to plot curves from the old tests. The 
other thing I wished to point out was the unreliability of counting 
dust particles with the Sedgwick-Rafter counting cell. 

Mr. Weeks : — How is the great increase in the number of par- 
ticles, as counted on the adhesive material and in the water, ac- 
counted for? 

E. V. Hill: — The particles are rather loosely combined. When 
one particle is shaken in water it breaks up into possibly 100 or 
more smaller ones. This disintegration varies, naturally, according 
to the character of the dust. Some would not break up as much 
as others. This is the reason that, when dust particles are shaken 
in water to properly distribute them throughout the liquid, the 
Sedgwick-Rafter counting method gives many more particles than 
existed in the original sample. 

Mr. Weeks: — How is the air measurement made in these dust 
counters ? 

E. V. Hill : — In different ways. In bubbling through wash bot- 
tles a high pressure centrifugal fan and a gas testing meter are 
usually employed. In the Palmer apparatus a specially designed 
Pitot tube is used. In the Hill dust counter we use a hand pump, 
the capacity of which is 5 cu. in. of air for each stroke of the 
pump. 
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RE-MODELING A HEATING SYSTEM 

Conservation of Fuel and Increased Efficiency of Operation 
Result from the Modernizing of a Steam System 

By Helen R. Innis. New York. N. Y. 
Member 

THE attention recently given to the renovation of old buildings 
would indicate that some details of the old mechanical equip- 
ment encountered, as well as the method of improvement, 
might be of interest. An example of the variety likely to be foimd 
in an old building, that has been used for several purposes, was 
found in the plant of the Brooklyn Standard Union, a daily after- 
noon publication, when it became imperative to improve their heat- 
ing system. A few details of the old conditions, the changes made, 
and the resultant improvement are the subject of this paper. 

This building is about forty years old, of brick construction, and 
is five stories in height, with a basement and sub-basement. It 
extends through the block from Fulton to Washington Streets, a 
distance of 90 ft., and has a 50 ft. frontage on each street. The 
cubic contents were figured at about 360,000 cu. ft. 

So far as can be ascertained, the building was originally used as 
a department store and later operated as the Arlington Hotel. 
During these periods, it was provided with its own power plant, 
laundry and kitchen equipment, elevator machinery, etc., and was 
heated by exhaust steam from the engine and auxiliaries, supple- 
mented by live steam through a reducing valve. 

In 1902 the Standard Union took possession. They found it 
necessary to remove part of the basement structure in order to set 
up their printing presses, two large modem newspaper presses 
which are located in the sub-basement, and extend up through the 
basement space on one side, taking up the larger part of the avail- 
able cellar. The installation of these presses made it necessary to 
remove the engine room equipment. Therefore, the elevator was 
changed to electric and put on Edison service, as was also the 
house piunp. As the boiler feed pump was removed with the rest 
of the old equipment the returns from the heating system were con- 
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nected directly to the boiler, with a by-pass to the sewer. Nothing 
was retained but two 25 h.p. horizontal tubular boilers. They were 
left as they were, and supplied the heating system with steam 
through a reducing valve. The intention was for the condensation 
to return to the boilers but as they were frequently operated at 20 
lb. pressure, the sewer by-pass was in constant use. The results 
were very unsatisfactory, but as the item of coal consumption is 
not very high in comparison with other operating costs in a printing 
establishment, and therefore not very interesting as compared to 
some of the other possible savings, they merely patched up the 
system here and there, added or changed a radiator or grumbled 
about the lack of heat, according to the severity of the winter, and 
made the best of it for sixteen years. 

It is not improbable that they would have continued this maligning 
of the heating equipment all winter and forgetting about it all 
summer, had not the war brought the Fuel Administrator. Then 
the severe winter of 1917, which froze up the harbor and caused 
Brooklyn to suffer the greatest coal shortage it had ever known, 
brought them up short for they found that even though burning all 
the coal they could get, their heating was neither constant nor ade- 
quate. With the limiting of their coal supply to the amount neces- 
sary to heat a building of this capacity with efficient apparatus and 
operation, they realized they could never come through satisfac- 
torily. The only thing to do was to remodel the entire heating 
system. 

In going over the building prior to planning the new system, it 
was found that the principal source of complaint was the top floor, 
where the composing room is located. This floor always suffered 
from very cold drafts, which were especially severe from 2 to 
4 p. m., when the lower doors were constantly open while the 
daily edition was going out. As this room was occupied at all 
times except Saturday night, it was decided that particular attention 
must be paid to the needs of this floor. On the first floor was 
located the office of the New York World. It was occupied at 
all times, and required heat until late at night. This was another 
particular point for consideration. 

The principal part of the old installation had been a two-pipe 
system with air line and down-feed risers; From the appearance 
of some of the old piping in the centre of either end of the building, 
it had evidently been considered necessary at some time to install 
additional radiation for this portion, and it had been made one-pipe. 
Still later, some one in authority had apparently given orders for 
several radiators to be installed in a hurry, and four of 90 sq. ft. 
each had been connected on the second floor to the most convenient 
spots in the piping. 

The radiator valves also showed a variegated assortment. Some 
were angle, some globe, and some globe valves, handle up, were 
even connected to one-pipe radiators. There were some old style 
automatic air valves, some fairly modern, and some ordinary pet 
cocks. The air valves that were not connected to the air line either 
vented into the rooms or were connected into sewer pipes and vents. 
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Leaky air valves, leaky stuffing boxes, and porters draining radiators 
now and then into buckets had all left their traces in damaged 
ceilings and floors. 

The problem was to transform this into an up-to-date system, at 
a moderate cost, and without interfering with the activities of the 
plant. As usual, although the question came up in ample time, the 
. actual signing of the contract and the starting of the work did not 
take place until the heating season of 1918 had come. The owners 
and occupants were pleased at the prospect of an air return system 
with but one hand operated valve on each radiator. After all the 
annoyances of insufficient heat, with hissing and leaking valves, 
they were ready to do away with the multiplicity and variety of 
valves and fixtures and enjoy simplicity and uniformity. 

It was somewhat puzzling to decide upon the preferable plan or 
scheme for the combining of the old and new systems of piping. 
The old two-pipe down feed system, which supplied the second to 
fifth floors, had very small steam risefs. The main supply riser 
was especially small. Therefore, it was decided that if two new 
3 in. supply risers were run to the top floor, one at each end of the 
building, and there connected to such old mains as could be used, 
and new ones where necessary, it would be a satisfactory solution. 
New return risers were planned to take care of the old one-pipe 
radiators, and new steam and return risers for the new radiation. 

As it was practically impossible to change much of the piping 
that ran over the presses, the old cellar main and return were left 
to take care of the first floor radiation. In view of the fact men- 
tioned earlier, that this floor needed heat at unusual times, this 
worked out very nicely. It made an entirely separate run of this 
first floor, and when heat was needed only in this portion of the 
building, it was possible to supply it with the fires banked. The 
first and most direct supply of steam would also be to this floor, 
and to the top floor, the most used parts of the building. 

The press-room is heated by the uncovered steam and return 
mains, as well as by the boilers and the stereotyping apparatus, 
both of which adjoin it and are practically in the same room. The 
heat given oflf by the latter apparatus necessitates ventilation. This 
is provided by exhausting the air by means of ducts with a fan 
located on the roof. The effect of this exhaust fan is to act in 
opposition to the boiler draft, and it was recommended that out- 
side openings be provided direct to the boiler room and a tight 
door placed between the boiler and the press-room. 

Fifteen linotype machines are used in the composing room on 
the top floor. Each machine has a hooded connection to the exhaust 
system, and the fan is run continuously for the removal of the lead 
fumes and the products of combustion from the gas burned. The 
air leaking: in, or coming: up the stairway to supply that exhausted 
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with a total of 270 sq. ft. were added at diflferent points in the 
composing room. 

In the work of installing the apparatus, the changes in the steam 
connections from the boilers to the 6 in. main were made in the 
early heating season. The two new 3 in. main risers were then 
run to the top floor and plugged. The connections from the new 
radiators on the first floor to the supply and return mains were all 
made in the middle of the day when the fires could be banked. The 
old down feed risers were used while the new risers were being 
run, and the transfer from the use of the old to the new was made 
a few radiators at a time. Wherever possible, all new piping was 
run without disturbing the old, in order that it might be used for 
heating. Thus the entire job was installed while the building was 
in constant use, without having the heat turned off. 

When the plant was completed, impulse check valves had been 
placed on the returns of all radiators; all air valves had been 
removed, and the air was being vented in the cellar through large 
thermo-float air valves. Those venting the returns from the Fulton 
Street side of the building, — ^the western exposure — ^have a check 
valve on the outlet. When the fires are banked or the pressure 
falls below atmosphere, the radiators on this side of the building 
keep warm while those on the warmer side cool off. 

The steam mains for the first floor, as' well as those for the 
supply risers to the top floor had been separately valved, with cor- 
responding valves in the return mains, which made possible the 
separate control of the heating of the various sections of the building. 
New return mains erected on the ceiling of the basement provided 
a separate system of returns for the radiation on the upper floors, as 
well. The boilers were being run at a very low pressure, not 
exceeding Yz lb. except in very severe weather, or for the purpose of 
quick heating. The circulation was complete throughout the entire 
system, and the operation was quick and noiseless. With a greatly 
reduced coal consumption, they were obtaining heat when and where 
they wanted it, with the possibility of regulating the amount to 
conform with the requirements. 

DISCUSSION 

The Author: — ^This is a very simple description of the appa- 
ratus as it was changed. The reason I took this for a topic was 
that I found it a typical system for a small plant. We have been 
having a number of papers on large activities produced by the 
war and since the small plants represent a large percentage of the 
heating plants in the country, it seemed that it might be interesting 
to touch on the other extreme and show how a small plant had to 
be remodeled to conform to the best ideals of efficiency and saving 
of fuel. 

H. M. .Hart : — Is there aiiy data on the amount of fuel saving 
obtained after the remodeling of the plant ? 

The Author : — The plant was not completed until about the 
middle of the season which was a very mild one and while there 
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was no doubt a ^eat deal of fuel saving, still they did not believe 
it was practicable to give me the items of fuel saving for only half 
of the season. I expect, however, to have them for next winter so 
that accurate results can be obtained. 
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No. 528 

UTIUZATION OF AUTOMATIC SPRINKLER 
SYSTEM FOR HOT WATER HEATING 

By a. W. Moulder. Warren, O. 
* Member 

RESULTS obtained from a number of systems of this type in- 
stalled and in use over a period of from one to eight years, 
coupled with the fact that the Underwriters' Laboratories un- 
der the direction of the National Board of Underwriters have 
approved its use, leads the writer to believe that this system is 
destined to come into quite general use for certain classes of build- 
ii^s. 

It is reported that as long as 25 or 30 years ago the idea of utiliz- 
ing the same pipes for heating and for fire protection was tried out, 
but it was not until 1910 that the first automatic sprinkler equipment 
of standard design was combined with a forced hot water heating 
system, and the piping of the sprinkler system thus utilized as heat- 
ing surface. The idea originated, no doubt, purely from a desire to 
make a saving in first cost of installation, and while this is still the 
primary reason for the combination, it has been found that there are 
also some lesser advantages, while no apparent disadvantages have 
been found. 

Fig. 1 is a diagramatic sketch showing a typical combination in- 
stallation. The system may be designed on either the gravity or 
forced hot water principle, utilizing either steam heaters, or circu- 
lating directly through boilers according to local conditions. The 
spriiJcler system proper, from the sources of water supply to the 
last head on each lateral line should be designed in conformity with 
the rules governing separate sprinkler equipments. The only excep- 
tion to this is that the tees in these lines are turned on the side and 
a so-called insulator is installed between the line and the sprinkler 
head. 

This insulator consists of a J4 in. pipe bent into a trap form, as 
illustrated by Fig. 2, and the efficiency of this insulator is clearly 
shown by the records given in Table 1 of a test conducted by the 
Underwriters' Laboratories. A small combined automatic sprinkler 
and heating system was constructed, with a standard size sprinkler 
line having eight outlets. Insulators of the dimension shown in 
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Fig. 2 were installed and thermometers were placed in the end of 
eadi, instead of the sprinkler heads. This sprinkler line was then 
connected by supply and return connections to a gas heater. 

Thermometers were also placed in the main supply and return 
connections. This system was operated for a period of 155 days, 
and 57 sets of readings were taken, each set of readings being taken 
from 1 to 4 days apart. Table 1 gives the maximum, minimum and 
average temperature of all readings taken. 

The grand average temperature of all outlets was 88 deg. with 
an average temperature of water in the line of 190 deg., which would 
indicate that the installation of standard automatic heads, fusible at 
155 deg., will be entirely satisfactory, and which experience with 
actual installations has proven. 



fioUi-Dimtnshn'A'yorieswifh the 
position off he fine wiffi 
reference fo the ceiiing. 




FIG. 2. DETAILS OF INSULATING ARM 



TABLE 1. TEMPERATURES RECORDED IN TEST OF COMBINED AUTOMATIC 
SPRINKLER AND HEATING SYSTEM. 



Temperature Supply Temperature Return 

Connection, deg. Connection, deg. 

Maximum 247 165 

Minimum 205 142 

Average 225 155 

Temperature of Outlets, deg. 

No. 12345678 

Maximum 107 109 101 100 97 95 92 92 

Minimum 88 91 79 82 73 72 70 71 

Average 100 102 91 93 88 68 82 83 

Inasmuch as it is impossible to drain the so-called insulators with- 
out turning them, the question of freezing is also of importance. A 
rigid test. of this was also conducted by the Underwriters Labora- 
tories, four insulators being equipped with automatic sprinklers, 
and filled with their normal amount of water, and subjected to tem- 
peratures varying from -|- 2 deg. to — 5 deg. for a period of three 
days. Neither the insulator or sprinkler head showed any injury 
at the end of this period. 

Digitized by VjOOQK 



314 Transactions of Am. Soc. of Heat. & Vent. Engineers 

The expansion and contraction of the water in the system is taken 
care of, under the Underwriters' rules, by means of a J4 i^- ^^^^ ^t 
the source of the water supply, installed as a by-pass aroimd the 
alarm or check valve, and by water relief valves. The ^ in. by- 
pass is illustrated by Fig. 3, and it will be noted that a union 
with bushing having a % in. orifice is installed in this. Two spring- 
loaded-type water-relief valves are installed at the heater or boiler, 
one set at 10 lb. above the highest pressure at source of water supply, 
and the other at 15 lb. above the same pressure. 



FIG. 3. VALVE ARRANGEMENT— IDENTICAL WITH REGULAR SYSTEM 
EXCEPT FOR BY-PASS 

The supply main from the heater should be connected inside of 
the alarm or check valve and should be equipped with a valve so that 
the heater may be shut off from the sprinkler system should occasion 
demand. Where auxiliary radiating surface is required, the con- 
nections for this should be taken separately from a point on the 
heater side of the main shut off valve. 

A complete system of return lines must of course be run, con- 
necting to all lines. Inasmuch as all of the sprinkler piping up to 
the last head must be of regular sizes used for sprinkler systems, it 
is in the design of the return piping where the equalization in flow 
of hot water must be taken care of. Very good results have been 
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FIG. 4. GENERAL VIEW OF SPRINKLER LINES. SHOWING INSULATING 
ARMS AND EXPANSION JOINT 



FIG. 5. VIEW W^HERE FIRE OCCURRED AND SEVEN SPRINKLERS OPERATED 
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FIG. 7. GENERAL VIEW OF HEATER ROOM SHOW- 
ING SIMPLICITY OF ARRANGEMENT 
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obtained by the use of an additional valve used as a throttle In the 
return from each series of lines, but the writer very much favors 
the plan of equalizing these by means of variations in the size of 
these connections. This can, of course, be done much more easily 
if the returns are planned on the basis of "first supply — last return*' 
in which case, the connection to each series of lines can be figured 
as should ordinarily be done for one pipe coil. 

The elimination of air from the system can be accomplished by 
means of the installation of automatic air traps on the return lines 
as illustrated in Fig. 1. 

In calculating the heating value of the radiating surface contained 
in the sprinkler piping, we may allow possibly a slightly increased 
value over that ordinarily figured for overhead pipe coils, on account 



FIG. 9. DETAIL OF RETURN AND FLOW MAIN OUTSIDE OF HEATER ROOM 

of the better air circulation around the pipe. Where these calcula- 
tions show that only a small amount of auxiliary radiating surface is 
required, it has been found economical to increase the size of fill 
lateral lines to 2 in. from the first to the last head, in order to obtain 
the added heating surface. It is required by the Underwriters that 
the maximum outgoing water temperature be 212 deg. 

It will, no doubt, be obvious that this system is economically more 
adaptable to buildings of such design that the ceiling surface is large 
in proportion to the total heat loss, which means that the radiating 
surface contained in the sprinkler piping will be large in proportion 
to the total radiating surface required. 

Among the lesser advantages experienced in operation of tjie 
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The efficiency of the combined system, as a heating system, should 
be practically the same as a separate hot water heating system for 
the same building. 

There may be a question as to the possible injury to persons due 
to the opening of heads while the lines are filled with hot water, and 
this seems to be answered by the theory that as the water is dis- 
charged it is sprayed by the deflector on the head, and thereby cools 
sufficiently to reduce any possibility of scalding. 



DISCUSSION 



Perry West: — I would like to ask Mr. Moulder if the question 
of the deterioration of the piping due to hot water, or the greater 
deterioration for hot than for cold water, has been taken into con- 
sideration? The corrosion of the piping due to the hot water is 
greater than it would be with cold water. Of course a sprinkler 
system with the same cold water practically standing in it year in 
and year out, would not be subject to the corrosion that a hot water 
system would be, still there would be an upkeep cost there that 
might be considered. 

The Author : — I think the gentleman rather answered the ques- 
tion in the latter part of his argument, that is, the fact that the 
water stays in the system, practically the same water, year in and 
year out. This is also true of the hot water system, as the air passes 
out automatically through air traps leaving the water practically 
free from air. Most corrosion is due to constant replacing of water. 
If anything the corrosion may be sHghtly less in a hot water system, 
for the reason that there is less air contained in the system. It is 
pretty well recognized that corrosion is usually a combination of 
metal, air and water, rather than merely metal and water. 

The President : — What is the average amount of square feet of 
heating surface for 100 sq. ft. of floor surface? There is approxi- 
mately one sprinkler head to 100 sq. ft., therefore there will prob- 
ably be some relation between the square feet of heating surface in 
the average sprinkler system and the floor area or the wall area. 
My idea in asking this question is to discover, if possible, the amount 
of radiating surface obtained compared with the amount of radiat- 
ing surface required for the heating of the average building, up to 
the average working temperature. 

H. M. Hart: — I should think that the natural method of instal- 
lation or design of sprinkler system piping tends to bank up con- 
siderable radiation in the center of a building, where the least heat 
losses occur, and thereby has a tendency to overheat the center 
portion of the building. 

The President : — I do not know whether the writer of the paper 
brought out clearly why the heat does not travel up to that sprinkler. 
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Of course there is a pocket there which seems to have the effect of 
keeping the heat from getting up to the sprinkler head. That metal 
tip of 3y2 in. seems to be effective in practice in. keeping the hot 
water from affecting the sprinkler head, because the sprinkler head 
itself would let go if it received the water temperature. 

J. H. Davis: — Have you taken any readings by thermometer 
directly under that head at the same time that the water tempera- 
ture was taken immediately behind it in the supply? 

J. C. Miles : — In designing this system for a hot water system, 
was it designed for sprinkling or heating this floor; is the pump 
for a hot water or a sprinkling system? How does it work out? 

The idea of asking this question is to find how to work out the 
number of pounds of water obtained through the system if the 
sprinkler system is used to run the heating system. 

J. H. Davis: — In Table 1 it says the average temperature was 
225 deg. and on the return 155 deg., a difference of 70 deg. Do we 
imderstand that there is a drop in that water of 70 deg. in the cir- 
culation ? 

J. R. McCoLL : — Is a combined system designed differently from 
an ordinary sprinkler system with a pipe for the heating system? 

The President: — How much additional piping is necessary to 
make a circulatory system, in addition to the piping required for 
the sprinkler system itself? What percentage of additional piping 
is necessary to complete the circulation ? 

H. M. Nobis: — -Do the underwriters permit the use of cast-iron 
boilers for heater boilers with such a system ? 

C. G. BuDER : — When the sprinkler system is pumped up and put 
into service, the required pressure is placed upon the top of the 
valve. Now, as the temperature goes up, this water will expand 
and create a greater pressure. This may be relieved through your 
automatic valve, but suppose the temperature should then drop. 
Would not the sprinkling system release? 

The Author: — The first question was as to the amotmt of 
heating surface to 100 sq. ft., I presume of ceiling surface. On the 
basis that there would be one sprinkler to each 100 sq. ft., which is 
about right for concrete construction, there would be between 5 and 
6 sq. ft. of heating surface, using the regular sizes of sprinkler 
pipes. However, this can be increased slightly by increasing the 
size of the lines. There is no objection to doing so. 

In regard to the question as to the banking of the heating sur- 
faces at the center of the building, in the type of building where 
this system is applicable, particularly warehouses, there has not been 
experienced any trouble that I know of on that account. This is 
probably due to the fact that the buildings are usually exposed on 
both sides, so that there is an air circulation clear across the room. 

The next question asked was why the heat does not reach the sprin- 
kler head with this type of insulator. It is largely on account of its 
trap-like form. The only force tending to circulate hot water into 
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this insulator would be the force of gravity, and with the Syi in. 
of negative force, no hot water will circulate into the insulator, 
but will rather follow the line of lesser resistance which is through 
the line, that is connected back to the pump suction through a 
series of return lines. In addition there is the fact that the end of 
the insulator, just underneath the sprinkler head will always be 
filled with air from a point level with the top of the line off from 
which the insulator is connected. This air pocket forms somewhat 
of an insulator. 

The next question I believe was as to readings taken in the air 
near the heads as well as in the water at the heads. As far as I 
know there were no readings taken at the time of these tests, but 
the rules of the underwriters for steam coils or heating pipes with 
relation to sprinkler heads are that steam pipes or overhead 
coils must be at least a foot away from the sprinkler heads, and this 
is 13^ in. so that it really complies with ordinary rules in this 
respect. 

The next question was as to whether the pump is furnished 
primarily for the sprinkler system or the heating system. If a 
circulating pump is used it is designed purely with reference to 
circulation for the heating system and with no regard for the 
sprinkler system. It mighty also be that there would be a fire pump 
for the sprinkler system. There would be no change in the specifi- 
cation for either pump due to the fact that it was a combined 
system. 

The next question was whether the drop in temperature was 225 
deg. to 155 deg. That was true in the case of this test system which 
was constructed in the underwriters' laboratory. 'The engineer may 
design the combined system for any drop in temperature, just as he 
would a regular forced hot-water heating system or gravity system. 
It merely happens that this test system was not constructed with 
reference to any specified drop in temperature. The fact is that 
the temperature at the first head, at least, would be quite high, 
disregarding the fact that the temperature through the system on 
an average was only 190. 

The next question was whether the design with reference to the 
sprinkler is any different from the regular; that is, I understand, 
any different from the rules laid down by the different insurance 
bureaus. The only difference at all would be that the heads must 
be installed on these insulators and the size of the lines may be 
increased, otherwise all the mains must be the same size usually 
installed for a sprinkler system. 

The next question is, do the underwriters permit the installation 
of cast-iron boilers. I believe they permit this, provided, of course, 
that the boilers are tested to 2>4 times the maximum working 
pressure of the system, which is the requirement of the A. S. M. E. 
Boiler Code for hot-water boilers. 

The next question was in regard to overflow, or rather, the 
expansion and contraction of the system. When the system expands 
there is, of course, some water released from the system. In Fig. 
3 there is shown a bypass around the alarm valve or inlet valve 
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which permits filling of the system very slowly through 2i % in. 
orifice. This takes care of the contraction of the system. The 
overflow is taken care of through water relief valves or safety 
valves, and, the expansion of the water in the system when the 
temperature causes a pressure 10 lb. above the normal, which is 
the pressure at which the safety valves are set, if actually figured 
out will show that the amount of water released will be very small, 
and this small bypass will readily replace same. 

W. J. Haynes: — Is the system allowable by the underwriters? 

The Author: — ^Yes, the system is approved and on a par with 
the ordinary automatic sprinkler system. 

H. M. Hart: — Is this a patented system? 

The Author : — Basic patents on the system are owned by the 
Combined Heat & Sprinkler Company, which licenses people to 
install it. 

H. M. Nobis : — What will happen in case a sprinkler should open 
on an upper floor when the temperature is below zero, so that the 
rest of the heating system would be shut off? 

The Author: — I do not know that the system ever was sub- 
jected to exactly that condition, but the fact remains that there is 
an alarm valve, and in any event the « owner can have installed a 
supervisory service which turns in an alarm to any point desired 
through the A. D. T. service. I cannot conceive of any condition 
where it would not have immediate attention with an alarm valve, 
or through the A. D. T. service. 

The PREsmENT: — If the condition arose, of which Mr. Nobis 
has spoken, it might be possible that for a time the heating system 
would be out of commission, but it would not necessarily be for 
very long, because in the majority of cases in multi-story buildings 
there is provided a valve for cutting off one floor ; and if the circula- 
tory system is made in such way that the cutting off of one floor 
will not interfere with the circulation, then the heating system would 
continue its operation. 

What has been found to be the minimum temperature within a 
building of the ordinary type in which this system is applicable 
when the outside temperature goes 10 deg. below zero? 

The Author :— In figuring for 10 d^. below zero, where all 
the heating surface in the sprinkler piping was not sufficient to take 
care of the heat loss, it would be advisable to put in auxiliary radi- 
ating surface, which would be connected back of the main supply 
to the combined system. 

The PREsroENT: — In the systems that you have installed what 
has been the experience with respect to temperatures in very cold 
weather? Have you a record showing temperatures that have been 
obtained by means of the combined heating and sprinkler systems 
alone, without additional radiation put in, supplementary radiation? 
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The Author: — I have not that data at hand» but I am quite 
sure it is obtainable. 

The President: — In some of the earlier systems installed, in- 
cluding one at Worcester, Massachusetts, there was not sufficient 
temperature from the system to keep the building from freezing. 

G. S. Barrows: — Data is available on an actual installation in 
the quartermaster's stores in Boston, a very large storehouse. They 
have had a fire, I think thirteen heads opening, and I am very cer- 
tain that before the Transactions are published full information can 
be had including temperatures for the past season. 

J. R. McColl: — If those figures apply to 100 ft. of heating sur- 
face on 100 ft. of floor, the heating in the tenth story would be 
100 sq. ft. of heating surface for every 100 sq. ft., for the fourth 
story 240 ft. in that room and I do not believe many of us, from 
our rules, would put in 100 ft. for every 200 sq. ft. in a room and 
put it on the ceiling or anywhere else. I do not see how one could 
get the temperatures. 

W. J. Haynes : — Counting the radiation put in these rooms, what 
temperature is reached in very cold weather? 

The Author: — It is merely a matter of calculation in. the 
usual way. There are certaini types of buildings where the heat 
from the sprinkler piping is sufficient. There is a building right 
here in Pittsburgh, in which we have installed a steam heating 
system that would have had more than sufficient heating surface 
in the sprinkler system, had a combined system been installed. It 
is a warehouse building, heated only 50 deg. in zero weather and 
covering a very large area in proportion to the heat loss. The 
whole thing is merely a matter of heat gained from the sprinkler 
system piping as against heat losses, and both must be figured for 
every building. You will soon find out that it is applicable for 
certain types of buildings and it is not applicable to others. 

H. M. Hart: — I supposed that in all these systems auxiliary 
cast-iron radiation was supplied from all the system for taking care 
of the excessive heat loss through the windows and outside walls ; 
in such a case what kind of radiation is used in a tall building on 
account of the high pressure in the system. Inasmuch as it seems 
that auxiliary cast-iron radiation is not installed is there any objec- 
tion to installing this auxiliary radiation in the form of ordinary 
cast-iron radiators? 

C. G. BuDER : — In St. Louis we have as high as 75 lb. pressure 
on the city mains. The underwriters require us to carry a 125 lb. 
pressure on top of the valves. There a bypass would not work. 

Is there a cast-iron boiler that will stand a test of a 125 lb. 
pressure ? 

The Author: — In regard to the installation of auxiliary radi- 
ation, it is permissible to install any type of radiation which will 
stand the pressure. I believe the cast-iron wall radiation made by 
most manufacturers will stand 80 lb. and that it is required that 
auxiliary radiation should be installed on a separate circuit with 
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the returns run back to the heater and connection made between 
the heater and main valves. It might be that the underwriters 
would allow variations from this rule. 

In regard to the pressure in St. Louis, I do not agree that with 
a 75 lb. pressure on the city mains this system would not work but, 
regarding the installation of cast-iron boilers or cast-iron auxiliary 
radiation, I would say a cast-iron boiler would be out of the ques- 
tion on a pressure that high. It would be practicable on a system 
having a low pressure. 
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GAS FOR HEATING 

By Geo. S. Barrows, Providence, R. I. ♦ 
Member 

WE all know that gas is an ideal fuel for any purpose. We 
also know that there is a very general idea that its expense 
precludes its use for heating buildings (I am referring to 
manufactured, not natural gas). But is not this feeling of its 
excessive expense due to habit or prejudice? 

Suppose gas to be the fuel commonly in use and some one, dis- 
covering coal, attempted to market it, claiming for it the only 
advantage over gas, a lower cost, say for example, 50 per cent. 
How many of us for this saving would give up the clean, con- 
venient, easily controlled gas, which is most reliably delivered to us 
without exertion or thought on our part and for which we have 
to provide no storage space, for the dirty, difficultly handled coal 
which requires storage both before and after use. However, coal is 
commonly used and gas is not, although its use is extending rapidly. 

In comparing performances of heating, it is necessary to consider 
climatic conditions as well as those of the building and appliance. 

The reports which the Gas Association obtains from gas com- 
panies call for the location and exposure of the building, the char- 
acter of occupancy, wall and window surface, cubic contents, kind 
of heating appliance and gas consumption by months. If we have 
similar installations in, for example. New York City and Charles- 
ton, S. C, and they are operated with equal care, the gas consump- 
tion in the latter city will be less than in the former because the 
outside temperature, is higher. 

What comparison should we make ? Is the mean for the month 
a fair indication of the heat requirement or the fuel consumption? 
Let us assume that for one period the maximum each day is 40 
deg. and the minimum is 30 deg. Then the mean for the period 
is 35 deg. 

Now let us assume another period when'each day the maximum 
is 50 deg. and the minimum 20 deg. — the mean being the same. 
Should the fuel consumption be the same? To try to get a line on 
this we have drawn charts similar to Fig. 1. 

This is from the Weather Report for the month of January, 1919, 
in Providence. Each line represents the temperature for one day, 
the lower end being the minimum temperature and the upper end 
the maximum tempergiture. On the 2nd of January, for instance, 

Presented at the Semi-Annnal Meeting of The American Society of Heating and 
Ventilating Engineers, Pittsburgh, Pa., June, 1919. 
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the minimum temperature was 25 deg. while the maximum was 
57 deg. In February and March there is quite a variation, and par- 
ticularly in the spring and fall months when there are a number of 
days when the minimum temperature does not fall below 60 deg. 

We have asstuned, arbitrarily, that if the outside temperature does 
not fall below 60 deg. no heat will be required inside on that day; 
that if it does not rise above 60 deg., heat will be required all day, 
while if the temperature is both above and below 60 deg., heat will 
be required a part of the day only. 

We have prepared charts for three years and we would like to 
know whether or not we are on the right track. 

Gas for intermittent heating, I think you will all agree, is the 
ideal fuel, because when the temperature is fairly high or where 
the building is only used for one or two days in a week there is 
practically no expense for keeping the fire going, for banking, or 
putting it out. 

We have records of some very interesting cases of gas installa- 
tions. One, a church, in Springfield, Mass., where during the winter 
season of last year, that is, 1917-1918, when the season was unusu- 
ally cold, a system using gas was estimated to have saved nearly 
50 per cent over the estimated cost of coal. They had no way of 
knowing just what coal would cost them because they had formerly 
been buying steam from a theatre across the street. The theatre 
could not supply them with steam any longer and they had to put 
in a heating system. They estimated that they would use about 
150 tons of coal, which, at $10 a ton, would have cost about 
$1,500. Their gas bills for the season, with gas at $1 a thousand, 
amounted to under $1,000. 

In another installation of a similar character — ^and the figures that 
I am giving are generally applicable to any of the modern types of 
gas heating systems — a large dance hall in Providence was heated. 

The approximate building conditions were as follows : 

North wall exposure 1754 sq. 

Glass 552 " 

West wall exposure 2769 " 

Glass 903 " 

Southern wall exposure 1754 " 

Glass 553 " 

Eastern wall exposure 1504 " 

Glass 745 " 

Roof exposure 29745 " 

Floor exposure t 14560 " 

Contents 475000 cu. ft. 

The owners of the building wanted to have the hall open two 
nights a week throughout the winter. Formerly, when coal was 
used for fuel they could not afford to open it for such short periods. 
Starting in 1915 they have kept it open for not only one or two 
nights a week but at times it has been open every night and gas 
has provided a most satisfactory fuel. As there is practically no 
labor for operating, the building superintendent and janitor, who 
keep the floor waxed and give general attention to the building, 
ha^e been able to take care of the heating system without difficulty. 
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The consumption for the heating season of 1916-17 was 1,283,000 
cu. ft. For the season of 1917-18 the consumption was 1,429,000 
cu. ft. During the season 1916-17 the average temperature was 
34.6 deg. or somewhat less than the normal temperature for that 
period of 35.1 deg. During the season of 1917-18 the average 
temperature was 31.9 deg., considerably under the normal. 

During the season of 1918-19 the consumption was 983,000 cu. 
ft. but the average temperature was 38.1 deg. or somewhat above 
normal. 

I wish to emphasize the point that, while gas fuel is ideal for any 
kind of a building, it is economical from a fuel standpoint (under 
the average conditions of fuel cost) only when the heating is 
intermittent. But where uniform temperatures are desirable, as they 
are in many residences, the ease with which the temperature may 
be maintained makes the additional cost of fuel alone negligible. 
It is my personal belief, gained from experience, that where gas costs 
1/10 per 1,000 cu. ft. what coal costs per ton, there is a very ready 
market for gas fuel for general heating purposes, and as there are 
now on the market 10 or 12 very satisfactory appliances for hot 
air, hot water, or steam central heaters and also individual heaters, 
all of which have efficiencies in use of well over 75 per cent, they 
should be given more consideration than has been given them in the 
past. 

Many gas companies are interested in the sale of coke as well as 
gas and the American Gas Association is making a careful study 
of this fuel, as well as of one of the other competitive fuels — oil. 

DISCUSSION 

James H. Davis: — I would like to ask Mr. Barrows if the Gas 
Association has any standard of efficiency of its gas; that is the 
number of B.t.u. per cubic foot. I have recently been in Port- 
land, Oregon, where they are making a very strong effort for gas 
heating, and there they charge only 60 cts. per 1,000 for gas for 
fuel, when it is used in a building or house ; and they are applying 
it to furnaces as well as to hot water and steam apparatus. 

H. M. Hart: — As regards the drawing of comparisons between 
the cost and convenience of heating with gas versus coal, we have 
a pretty good line on the available heat in heat units obtained in 
coal in heating boilers, so all we need for the purposes of comparison 
is the heat units available or the efficiency obtained from the gas 
fuel heating boiler. 

In Chicago they are now installing in some cases auxiliary gas- 
burning boilers, cross-connected with the coal heating boilers, so 
that in mild weather or for intermittent heating they can bum gas ; 
and the talking point, of course, for those installations was the 
difficulty a year ago, or perhaps the scare — it was really not a 
difficulty — of obtaining a sufficient amount of coal. But until we 
get the efficiency of the gas-heating boiler I do not see that there 
is any use in asking the question. That is the data we need. 
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H. M. Nobis : — I kept a record in the City of Springfield, where 
they have city steam and coal and gas, of a number of buildings 
which were heated by coal and gas and by city steam. The average 
cost of city steam was 28 cts. per sq. ft. per season, which was five 
months during 1917-1918. The coal was 26 cts., at $5 a ton coal, 
not including the labor attached to it and the natural gas was 18 
cts. per sq. ft. per season ; but natural gas over there was at that 
time 30 cts. per 1,000. It is 31 cts. at the present time. 

The President: — ^What is the B.t.u. content of that gas? 

H. M. Nobis:— I think 800 B.t.u. 

H. M. Hart: — I do not see how it is possible to take diflFerent 
buildings and compute the efficiency of gas upon cost per square 
foot of radiation, because one building may be utilized 24 hr. per 
day and another 10 hr. per day ; one building may have 50 per cent 
more radiation than it requires to maintain the desired temperature 
and the other building may have half as much as it should have, so 
these comparisons may be misleading. I think we ought not accept 
them without a good deal of question. 

C. L. Riley : — In the State of New Jersey during the fall there 
was a scarcity of coal and this compelled the Public Service Com- 
mission to permit the quality of the gas to be reduced, so that now 
I believe the standard is down or was down during the war to 550 
B.t.u. per cu. ft. Now the variation in B.t.u. between natural gas 
and manufactured gas seemed so great that I think these figures 
should be accompanied by a statement of what gas is used as well 
as its price per 1,000 cu. ft. And I would like very much to know 
also whether the Gas Association is making an effort towards stand- 
ardizing the B.t.u. in a cubic foot of gas throughout the country 
or whether there is any effort being made in that direction. 

The President: — On the basis of 600 B.t.u. gas, raising the 
30 ct. price to $1, the gas per square foot per season, on the natural 
gas, would run about 74.3 cts. as compared ^yith 28 els. for city 
steam and 26 cts. for coal at $5 per ton. 

P. M. O'CoNNELL : — The author refers in the paper to a building 
which was heated by gas. I was wondering if it was heated by gas 
heaters or whether gas was used for fuel in connection with the 
heating system? The reason I ask this question is because I 
find that in some places heated by gas it is hard to get rid of the 
fumes. One going into a building can tell in a minute if it is heated 
by gas stoves. 

J. R. McColl: — Have any difficulties been encountered in cities 
because of the prevention of the use of gas in this way by the city 
engineering department? 

Perry West:— I should like to call attention, in connection with 
those comparisons, to some things found out last year when the 
committee gathered data for the determination of coal consumption 
for buildings in different parts of the country. That data showed 
that there was a great variation in the amount of coal used per square 
foot of radiation, per cubic foot of building, per room or on any 
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Other basis it might be figured, depending, the Committee thought, 
upon the personal equation in the handling of the plant. There were, 
for instance, residences in San Antonio, Texas, and one particular 
place in Knoxville, Tennessee, where one would think less coal would 
be necessary than in Maine. On the contrary the consumption was 
a great deal more per room per cubic foot or on any other basis than 
in similar houses in Maine. It was found from Ij/i tons a season 
in Maine to 4^ tons in San Antonio, Texas. So in making any of 
these comparisons care should be used to gather enough data to 
determine whether the comparisons are on a fair and equal ba^s. 

T. J. Easter: — It is going to be difficult for any gas manufac- 
turer or practical user of a furnace to make a fair comparison 
between the use of a coal of unknown quality and a fuel gas of a 
known quality. The Pittsburgh vein coal mined in this district, 
east or south of this city, will be an excellent producer of gas ; it 
will also be an excellent producer of steam. Coal mined from the 
Pittsburgh vein west of this city is not a gas producing coal, but 
an excellent steam coal; hence, to use this grade of coal in a fire 
box would seem to be the most economical method of using it 

Now compare the steaming qualities of the Pittsburgh gas coal 
with the steaming of the gas made from the same coal, which, 
together with the by-products, is a fair comparison and will show 
a decided advantage in the use of gas as fuel. In other words, 
to produce gas economically requires coal of a certain character 
and one with a high percentage of volatile matter. Then the ulti- 
mate cost of producing gas depends upon what disposition is made 
of the by-products. If reasonably profitable disposition is made of 
by-products of gas production from Pittsburgh gas coal, the cost 
of the gas would be so low that one could not possibly afford to 
use coal in the old way. 

If one wished to start a gas producer in any particular locality 
the first important question would be what kind of coal was avail- 
able. We know that it would be useless to consider anthracite or 
even such grades as the Pocahontas bituminous coal, both of which 
are practically void of volatile matter, for gas making. The latter 
coal may, however, be used as a mixture to bring up the by-product 
coke value for metallurgical purposes, but at the expense of reducing 
the gas output. This method of producing gas as a fuel would 
permit of its sale in competition with the use of the same coal in 
a fire box only in case the by-product coke finds a good market. 

Pittsburgh is fortunate in being located in the heart of the highest 
grade gas coal fields in the world, and because in the future more 
attention is to be paid to utilizing coal by-products than ever before, 
this district can produce gas at the minimum cost. The time is fast 
approaching when the enormous waste from bee-hive coke ovens, 
the expensive development of short lived natural gas wells, and the 

M. A. Ehlers: (Written) I question the statement referring to 
the comparative cost of gas and coal, however, because if you will 
examine the data submitted from St. Louis and Baltimore, particu- 
larly the latter, you will observe that they assume 32,000 cu. ft. of 
gas at 550 B.t.u. is equivalent to one long ton of hard coal as used in 
the standard furnace. 
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wasteful method of burning coal in the old way will pass with the 
things that have been. 

The Author: — It is almost impossible to say that one kind of 
gas should be used in all parts of the country. Coal, coke, oil and 
labor conditions will influence the choice. The use of the by-prod- 
ucts will also have no small effect upon determining the kind of 
gas which it is best to make in any particular locality. 

Similarly no standard B.t.u. value can be fixed for all parts of 
the country, but in any one locality the requirements for the B.t.u. 
value are usually set by the State Commission or the municipal 
authorities. 

An investigation made by the Bureau of Standards in Washington 
shows that, so far as value to the consumer goes, there is little 
difference whether they use a larger quantity of a lower heat value 
gas or a smaller quantity of a higher heat value gas. This is predi- 
cated on the appliance being properly adjusted for the particular 
gas in use. An appliance adjusted for the low B.t.u. value gas 
would give a lower efficiency with high B.t.u. gas and vice versa. 

In asking for data we always ask for the B.t.u. value of the gas 
in order to make our comparisons fair. 

Of course the number of installations will depend on the rela- 
tive price of gas and coal but we are not considering the price of 
gas, as we are studying the question principally from the technical 
standpoint. 

The value of our report will be determined by the number of 
replies received, for we cannot assume that the figures will be reliable 
unless we can take the average of a large number of cases. 

Here I would like to emphasize again the importance of knowing 
whether to take the average mean temperature or whether to con- 
sider the fluctuation in temperature and I hope that some one will 
be able to enlighten me on this point. 

On the Pacific Coast, gas is unquestionably the best fuel to use. 
There heat is required nearly every day but for only a short period 
each day. For instance, in San Francisco during one whole year 
there were 363 days when the temperature was below 60 deg. at 
some time during the day but the mean temperature was very 
much higher than in a great many cities where a heating season 
only lasted for about half a year. 

Oil of course is almost as good a fuel as gas from the stand- 
point of convenience to the consumer. Gas has two advantages 
over oil. It is unnecessary to provide storage for it as it is 
delivered to the consumer without thought on his part. It is also 
somewhat easier to control and it is not necessary to give quite as 
much attention to the burners. 

When the Association first started to investigate the subject of 
heating, the committee was called the Committee on Auxiliary Heat- 
ing because it was thought that the best way to start the use of gas 
was to put auxiliary heaters beside the coal heaters, gas being used 
in these auxiliary heaters during the spring and fall months. 

This use of gas for such a purpose is just as strongly indicated 
today as it was then but we have also found that gas is a very satis- 
factory fuel for all season heating. 
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Regarding the question of flueless heaters, these are used to a 
very great extent and always will be used where a small amount 
of auxiliary heating is required. For continuous heat in living 
rooms they are not desirable. For heating stores or buildings where 
ventilation is provided by opening doors or other means, they are 
very satisfactory. 

Vitiation of the air in a room from a flueless heater is not nearly 
so serious as many people think. CO2 is not nearly so deleterious 
as the poisons from animal exhalation and the percentage of CO, 
has been used as a measure for the vitiation of the air because it 
is very readily determined. CO, which is very poisonous, is seldom 
found in the products of combustion of modern gas appliances and 
is almost entirely absent from those which are well adjusted. 

The odors of flueless heaters are often due to the burning or 
scorching of dust particles in contact with the hot surface of the 
heater and if the appliances are not properly adjusted there may be 
some odor of acetylene or formaldehyde. 

Of course if any gas system, like a coal system, is allowed to 
get out of adjustment or get dirty its efficiency will drop off but I 
think I am safe in saying that the average modern gas heater will 
give an operating efficiency of from 75 per cent to 80 per cent. 

Some appliances run at a very much higher efficiency than this. 
One appliance that I know of has an operating efficiency of from 
J)0 per cent to 95 per cent. All these appliances that I refer to 
have flue connections. These efficiencies are certainly very much 
higher than those of solid fuel appliances and they are much less 
afi'ected by the personal equation. 

I cannot give any figures at the present time, but we hope to 
have figures which will show the average number of cubic feet of 
gas used per 100 cu. ft. of building contents during a heating season. 

Referring to the question of heating in Texas, I am not surprised 
that there may be buildings where more coal is used during a 
heating season in Texas than in Maine. The character of building 
construction diflfers greatly, buildings in Maine being much more 
tightly built than those in Texas. Then too, there are less 
violent fluctuations of temperature in Maine than in Texas so that 
the efficiency of the appliance is probably considerably higher in 
Maine. It is human nature to feel that if the drafts are turned on 
full more heat will be obtained and with the temperature drop- 
ping as rapidly as it does in the Texas '*pan handle" during a 
norther (where the temperature will often drop 50 deg. in 4 or 5 
hours) the average householder, knowing that it is going to get 
colder and colder, will turn everything on full in an attempt -to get 
the house warm and entirely disregard the question of efficiency. 

Referring to Mr. Ehler*s discussion, it should be noted that my 
reference to cost includes not only the value of the fuel itself but 
also the saving of labor, convenience, cleanliness, etc., all of which 
factors enter into the cost differential which the average person is 
willing to pay for gas fuel. 
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HEATING AND VENTILATING SYSTEMS AT THE 

U. S. GOVERNMENT'S SMOKELESS POWDER 

PLANT AT NITRO, WEST VA. 

G. W. Hubbard, Chicago, III. 
Member 

THIS enterprise, officially designated as the United States 
Government Explosives' Plant *'C/' was designed and con- 
structed for the manufacture exclusively of smokeless pow- 
der, — to be one of the two largest of such plants in the coimtry, 
with a capacity, as originally contemplated, of 500,000 lb. of powder 
per day; this was later increased 25 per cent, so that the ultimate 
capacity was 625,000 lb. 

The site selected was a tract. of approximately 1,900 acres of 
farm land on the north bank of the Kanawha River, about 14 miles 
west of Charleston. It was reached by the Kanawha and Michigan 
Railroad,-7-essentially a freight line, — which passed through the 
reservation and provided connections for points north as far as 
Toledo, Ohio, and by the Chesapeake & Ohio Railroad on the 
south bank of the river, which provided connections east and west. 
A ferry was maintained to furnish transportation across the river. 

On. this tract oi ground there were only about half a dozen houses 
with bams and other farm buildings. Charleston, the nearest city, 
had a population of about 35,000, and it was evident from the first 
that this community, even with the assistance of two or three smaller 
towns located in the vicinity of the plant, would be unable to 
provide homes for the workers and their families. So it was 
realized that there must be built not only a manufacturing plant, 
but a town as well, and steps were at once taken to provide for this. 

It was estimated that when the plant was in full operation, there 
would be about 10,000 workers, many of whom would be married, 
and that to house them provision should be made for a town of 
35,000 people. It was further realized that the men who were 

Paper presented at the Semi-Annual Meeting of The American Society of Heating 
AND Ventilating Engineers, Pittsburgh, Pa., June, 1919. 
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to build this manufacturing plant and town must be provided with 
quarters in the grounds and that arrangements must be made to 
provide shelter and food for them. 

It was expected that the construction force at the beginning of 
the work would consist of about 5,000 men, to house whom, 20 
frame barracks, two stories high, were built. These were long 
buildings, designed to accommodate 200 men each. An entrance 
from either side opened into a central hall which separated the 



FIG. 2. VIEW OF CONVERTER BUILDINGS AT THE NITRO SMOKELESS 

POWDER PLANT 



first story into two large sleeping rooms; a stair led to a single 
sleeping room in the second story. A wash house with toilet 
facilities and shower baths was built adjacent to each barrack; 
these buildings were later connected by a covered passage to provide 
protection for the men in inclement weather. 

Temporary mess halls were built in which to feed the men and 
later, as the weather grew warmer, out-door ranges were provided 
and the men were permitted to prepare their own meals and to 
eat them at long, wooden tables, sitting on wooden benches, definite 
spaces being allotted to the various races represented. These out- 
door kitchens were very popular during the summer months, and 
when it grew cold in the fall, the spaces were enclosed so that they 
could still be used. 
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It was, of course, necessary to provide light and water at once 
Inasmuch as this was an emergency requirement which could no 
await the laying out of the permanent power plant and the dela] 
incident to the purchase of equipment in the normal way, inquirie 
were sent out for second-hand material and in a very few day 
two vertical water tube boilers of 250 h.p. each, a steam engin 
and generator of 250 k.w., a fire and a service pump had beei 
purchased and were on their way to the plant, to be followed sooi 
by additional pumps, filters and storage tanks. 

The river was subject to great fluctuations in level, rising an( 
falling very rapidly, so that it was necessary to install the pumps 
which were to take the water from the river, on platforms, set oi 
inclined tracks, so arranged that they could be raised or lowere< 
as required by the existing conditions of the river. These pump 
delivered into an elevated tank of 25,000 gal. capacity, from whicl 
the water flowed by gravity through filters into four storage tanks 
each of 25,000 gal. from which it was distributed to the barracks arei 
and to other parts of the grounds as necessary for fire protection 
construction and other purposes. 

While the buildings to provide quarters for the construction 
forces were being erected at one point and the temporary power 
plant to provide public utilities at another, work was also being 
pushed at a third point, where the administration building, — ^the 
nucleus of the administration department, — was being built to pro- 
vide offices, drafting rooms, etc., for the designing engineers, tho 
contractors, and the representatives of the government. This was 
a two-story frame building, about 200 ft. wide, with two wings 
extending about 150 ft. to the rear ; later, a third wing, three stories 
high, was added. It was heated by means of direct radiation, sup- 
plied by two locomotive type steam boilers placed in the basement ; 
there being no excavation below the first floor, except the small 
space required by the boiler plant, the steam supply mains were 
placed at the second story ceiUng, feeding radiators in the first and 
second stories, and the return mains along the walls at the floor 
of the first story. 

The manufacturing portion of the plant is divided into eleven 
departments as follows : 

Sulphuric acid department, where sulphur is converted into sul- 
phuric acid ; 

Nitric acid department, where sodium nitrate is converted into nitric 
acid; 

Cotton purification and bleaching department, where the raw cot- 
ton required for the manufacture of the powder is received, 
stored, cleaned and dried preparatory to nitration ; 
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Nitration^ pulping and purification department, where the cleansed 
and dried cotton is treated with sulphuric and nitric acid, then 
thoroughly washed in boiling water and blended to form gun 
cotton; 

The colloiding department, where the excess of water remaining 
in the gun cotton is removed by the substitution of alcohol, 
and where, with the addition of ether and a small amount of 
diphenylamine, the product is pressed into blocks and later into 
macaroni-like strings of powder, and then cut to lengths, form- 
ing grains of smokeless powder ; 

The drying department, where the grains are dried, blended and 
packed ready for shipment ; 



FIG. 4. VIEW OF THE ADMINISTRATION BUILDING AT THE NITRO 
SMOKELESS POWDER PLANT 



The storage and shipping department, composed largely of the maga- 
zines in which the packed powder is stored to await shipment ; 

The proving ground, where the powder is tested to determine 
whether it is of proper quality ; 

The mechanical department, containing the shops required ^o^ the 
repair and upkeep of the machinery around the plant; 
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Of the above departments, the first six represent steps in the 
manufacture of the powder, starting with the gathering of the raw 
materials and ending with the finished powder packed in air-tight 
boxes awaiting shipment. The process taking place in each depart- 
ment is independent of that in any other, and each department was 
designed in such a manner as to best obtain the greatest results in 
its own branch of the work, contributing at the same time to an 
efficiently operating plant as a whole. 

In the sulphuric acid department, sulphur in the solid state is 
first converted into a gas and then condensed and made into sul- 
phuric acid. There are seven units, having a total capacity of 
500,000 lb. of acid per day of 24 hours. This group consists of 
about 100 manufacturing structures, including sulphur bins, burner 
buildings, denitrating and concentrating towers, weighing and mix- 
ing houses, storage tanks, etc. The buildings are of fire-proof 
construction, steel framing and hollow tile walls being used through- 
out. The nature of the operations taking place in them is such 
that no heating or ventilating equipment is required. 

In the nitric acid department, nitrate of soda brought to the plant 
in bags is converted from sodium nitrate to nitric acid by treatment 
with sulphuric acid. There are four units, having a total capacity 
of 580,000 lb. of acid per day. This group consists of about T5 
manufacturing structures, including nitre storehouses, retort houses, 
acid towers, tanks, vats, etc. These buildings, like those in the 
sulphuric acid department, are of steel and hollow tile and for the 
most part require neither heating nor ventilating. There is, how- 
ever, a laundry where the nitre bags are thoroughly shaken, washed 
and mended. This building is heated, for which purpose steam coils 
were installed. 

In the cotton purification department, the raw cotton brought to 
the plant in bales as linter and hull fiber, is placed in storage build- 
ings until needed. At this time the two grades of cotton are mixed 
in the proper proportions, and delivered by blowers through gal- 
vanized iron ducts to the cotton purification buildings, to be boiled 
and cleansed with a solution of hot caustic soda pumped through 
large tanks. After this operation is completed, the cotton is treated 
with a bleaching solution, and, thoroughly cleansed and purified, 
is pumped to a set of steam driers, in which practically all water 
is removed and the cotton made ready for nitrating. This group 
consists of four units, each having a crude fibre storage house, 
purification house, bleach plant and drying house. In addition, 
there are cotton and burlap bale buildings, storage and pump houses, 
and similar structures required for the normal operation of the 
department. Also, there are three large open sheds for the storage 
of a reserve supply of cotton. The buildings are of light wood 
construction, the walls covered on the outside with roofing paper and 
battens. The roofs are of composition. Steam coils having suffi- 
cient capacity to maintain a temperature of 40 deg. are installed in 
the buildings of this group, except the cotton storage buildings and 
drying houses. The former require no heating as they are used for 
storage only, while the latter are warmed by the continuous driers. 
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of which there are six in each building. In addition to the buildings 
already mentioned, this group contains also equipment for the 
recovery of caustic soda and bleaching solution and for restoring 
it to the proper condition for re-use. The causticizer, evaporator 
and incinerator buildings are of fire-proof construction. No heat- 
ing equipment was installed in the buildings of the recovery section. 

The purified cotton, after passing through the dryers is de- 
livered by blowers from the cotton purification department to the 
nitration, pulping and purification department, to be transformed 



FIG. 5. DETAILS OF POWER PLANT AT U. S. GOVT. EXPLOSIVES PLANT "C" 

into gun cotton. In this department, as well as in the two following, 
(the coUoiding and the drying), the buildings are arranged in five 
lines of units, each having a capacity to nitrate, colloid, dry and pack 
125,000 lb. of powder in 24 hours. These departments form the 
heart of the manufacturing processes, for it is in them that the 
component parts of the powder which have been in preparation in 
the preceding departments are brought together and, through various 
operations, are changed into the finished product, to be stored and 
tested in the succeeding departments. The buildings in the nitration, 
pulping and purification department are of the same general con- 
struction as those in the cotton purification department, — of light 
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wood, the walls covered on the outside with roofing paper and 
battens. In this department the cotton is treated with a solution 
of sulphuric and nitric acids in the nitrating houses; here, too, the 
excess of acids is drawn off and the cotton delivered to the boil- 
ing tub houses where it is boiled in large wooden tubs for abeut 
66 hours. After this it is taken to the pulping houses, where the 
masses of cotton are broken up and the whole is then forwarded 
to the poaching houses, where the boiling process is continued. 
This is followed by a blending of the cotton and its de-hydration in 
centrifugal wringers, leaving it free from sulphuric acid and ready 
for conversion from gun cotton, as it is now known, to smokeless 
powder. A sufficient amount of direct radiation was placed in the 
nitrating and final wringer houses to maintain a temperature of 55 
deg. during cold weather. A few of the smaller buildings were 
similarly equipped, but in general, the heat given off in the manu- 
facturing processes is sufficient to maintain proper temperatures 
in the buildings so that no heating systems are required. 

After passing through the nitrating, pulping and purification de- 
partment, the cotton is delivered to the colloiding department in 
cars. Here, in the de-hydrating press houses, the water which has 
remained in the gun cotton is replaced by alcohol in massive hy- 
draulic presses, operating at about 3,000 lb. pressure. The cotton 
leaves these houses in blocks which are broken up in the next 
process preparatory to the addition of ether and diphenylamine in 
mixing machines in the mixing houses. In these houses, too, the 
product is again formed into blocks in huge presses, after which it 
passes on into the finishing press houses, where it is pressed into 
its final shape in what are called "macaroni presses" and cut into 
lengths in cutting machines. The de-hydrating press, block breaker, 
mixing and finishing press houses in which the above described 
operations take place, as well as the subsidiary buildings, including 
those for receiving and denaturing the alcohol used in this depart- 
ment; for mixing the diphenylamine and ether; for weighing the 
solvent before delivering it to the mixing houses ; for the recovery 
of imperfect powder; for the cleansing and repair of the screens 
used in the presses; for the manufacture and repair of the dies — 
also used in the presses ; for housing the pumps, accumulators and 
other equipment comprising the pumping plant which supplies the 
hydraulic pressure for the operation of the presses and for storage 
buildings and the pump houses ; all these are of wood covered on the 
outside with roofing paper and battens. The finishing press houses 
and a few others, which are considered particularly dangerous fire 
hazards, are lined on the inside with sheet iron, and all exposed wood 
work is covered in a similar manner. The ether and alcohol houses 
in which the ether is manufactured and solvent rectified are of steel 
and brick. Of all the departments in the manufacturing area, this 
is the only one to contain a comprehensive heating system and the 
only one to have a ventilating system for the comfort of the 
workers. Direct radiation in the form of steam coils was in- 
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stalled in the pyro car storage sheds, receiving and denaturing sta- 
tions, de-hydrating press houses, diphenylamine mixing houses, sol- 
vent weigh stations, screen recovery house, die and repair shop, 
grinding shop, pump houses and such other buildings as required 
heating and in which the manufacturing processes were such as 
not to prohibit this type. Such a system, however, could not 
be used in buildings- where alcohol or ether fumes were present, 
and here it was necessary to install fan blast systems. This 
was done in the mixing houses, where fresh, warmed air is 
supplied by fans delivering into systems of galvanized iron dis- 
tributing ducts, and foul air is removed by exhaust fans, operating 
through similar ducts. Fresh, warmed air is also supplied to the 



FIG. 6. VIEW OF TYPICAL STEAM AND BRINE DISTRIBUTING LINES AT 
THE NITRO POWDER PLANT 



finishing press houses by fans, but there are no exhaust fans, pro- 
vision being made for the exit of foul air by natural means. In 
every case the fans are installed outside of the rooms in which 
the powder is being made, independent rooms being provided to 
receive them, as a spark from the motor driving the fan might 
cause an explosion if it occurred in the presence of ether or alcohol 
fumes. Mechanical exhaust systems of ventilation keep the pits 
below the presses in the de-hydrating press houses free from alcohol 
vapor. 

The powder having been cut to size, it is next sent to the drying 
department, where it is placed in huge hoppers and a large pro- 
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other manufacturing areas. No heating or ventilating equipment 
is installed in these buildings, except where required to assist in 
the drying process. 

The shipping department consists almost wholly of magazines — 
wood frame buildings covered on sides and roof with corrugated 
iron; these do not require heating. 

The buildings in the mechanical department, except the brass 
and iron foundries and the machine shop, and those in the box 
factory group of the administrative department, are of light wood 
construction, covered on the outside with roofing paper and battens. 
The foundries and machine shop are of steel and brick. The latter 
is heated by a fan blast system, supplying warm air through dis- 
tributing ducts. The other buildings, except the foundries and 
those for storage, are heated by direct radiation in the form of 
steam coils. 

In addition to the strictly manufacturing buildings, there are many 
smaller structures of a general nature scattered through the several 
departments. These include the laboratories needed to test the gun 
cotton and powder on its way through the plant ; the change houses 
for men and women, containing toilet and locker rooms ; emergency 
dressing stations for the immediate treatment of injuries; toilet 
houses ; rest houses ; supervisors' offices ; time stations ; gate houses, 
and such structures. These are of frame construction, with 
"novelty" siding and composition roofs and are lined on the inside 
with wall board. They are provided throughout with heating sys- 
tems of sufficient capacity to maintain a temperature of 70 deg., the 
medium in most cases being steam supplied to radiators or coils, 
though in a few cases where steam was not readily available, gas 
room heaters were used. 

Steam for the manufacturing processes and for heating the build- 
ings where required throughout the manufacturing departments is 
taken directly from high pressure mains run above ground on wooden 
bents. Branches are taken from these mains as necessary and, where 
the supply is for heating only, a pressure reducing valve was placed 
on the branch inside the building served. If the building contains 
pumps or other steam driven equipment, the exhaust from which 
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is on the ground between the houses. Coal is brought to this point 
either by train or boat; the latter, however, requires a short haul 
by cars from the unloading dock. 

As the shipping department and proving ground were removed 
as far as possible from the other departments of the plant, they 
were far from the mains in the manufacturing areas ; for diis reason, 
isolated plants were installed for heating these sections. In the 
shipping department, a central plant with a single cast iron boiler, 
gas fed, was installed to supply steam for heating the change 
house, supervisor's office and a booster pumping station of the fire 
protection system. Similarly, in the proving ground two central 
heating plants supply heat to two small groups of isolated buildings. 



FIG. 7. VIEW OF SEDIMENTATION BASIN OF THE NITRO WATER SUPPLY 

One of these groups consists of a gun shed and projectile storage, 
chronograph house and a loading laboratory and constant tem- 
perature magazine. The last named building is of hollow tile 
construction and the section used as a magazine is built partly 
above and partly below ground, the part above ground being cov- 
ered with an earth embankment. It is kept at a constant tempera- 
ture, being heated by steam coils controlled by thermostats or 
cooled by brine circulated through cooling coils. Direct radiation 
is installed in the other buildings of this group, all served by a low 
pressure supply vacuum return system, condensation being returned 
to the boiler. The second group in this department is heated by a 
steam system also. 

T ; if_ _ _i._r_i.1__ r i. :^— «^^ a.^^4.1»*^ *'kr\ffirkri n^ trip 
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"novelty" siding and prepared roofing, lined on the inside with 
wall board. All are heated by steam by means of direct radiation, 
radiators or coils being used, depending on the nature of the build- 
ing. The supply for the administration building was taken from 
two firebox boilers, as has already been described. The buildings 
in this group were not all constructed at one time, but the original 
group was added to as the need for more buildings developed, and 
so it was that in many cases the buildings contained independent 
heating systems, supplied by low pressure sectional steam boilers. 
In some cases, however, it was possible to combine the heating sys- 
tems HI groups of buildings, taking steam from a central plant. 
Under such conditions, the plant contains two or more low pressure 
sectional boilers unless it supplies laboratories, where at least 15 lb. 
pressure is required for testing purposes. For these buildings loco- 
motive firebox boilers were installed and two sets of mains run 
to the buildings, one delivering steam at 15 lb., and the other at 
lower pressure for heating. 

The general hospital includes the officer-in-chai^e building, ad- 
ministration building, wards, officers*, nurses' and attendants' quar- 
ters, hospital mess hall, mortuary building, operating pavilion, 
gati^ge, .laundry and similar structures. They are similar to the 
buildings of the administrative group in construction and all except 
the garage and the isolation ward, are connected by a long corridor. 
Unlikeithe administrative group, the general hospital group was de- 
signed as a complete unit and it was felt that the best results :could 
be obtained by the use of a large central heating plant, distributing 
steam to the several buildings through high pressure mains run 
at the ceiling of the corridor with branches to serve the buildings, 
supplying steam at low pressure through pressure reducing valves. 
It seemed probable, too, that the same system could be used for 
future groups of buildings where the structures were not too far 
apart, thereby giving a more economical operating system and per- 
haps at less expense for installation. In order that this could be 
done without delay in obtaining the boilers, it was necessary to 
select a type which could be obtained easily and quickly. The 
horizontal tubular boiler seemed to meet most nearly this condi- 
tion and it was adopted, units to be of 100 h.p. capacity, designed 
for not less than 100 lb. pressure. It was felt that this was 
sufficiently flexible to suit any condition which might arise, the in- 
stallation to consist of one or more boilers as necessary to g^ve the 
required total capacity. Also, being designed for high pressure, 
they could supply steam, if necessary, for kitchens, laundries or 
other similar services. The general hospital group, with its laundry 
and main and isolation ward kitchens, required a total capacity of 
400 h.p., for which four of these boilers were installed, supplying 
steam through one high pressure main for heating and through 
a smaller independent high pressure main to points requiring steam 
during the summer months to permit the shutting oflf of steam 
from the larger main during this period. The water of condensa- 
tion is returned to the boilers. 
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Shortly after this installation was designed, it was again found 
possible to install a central heating plant of this type, this time one of 
300 h.p. capacity, to supply the white Y. M. C. A. building, one of 
the large mess halls, the milk plant and one or two smaller buildings. 
Here, again, steam is distributed at high pressure, a portion of 
the mains being run on bents above the ground and a portion in 
the ground, depending on the nature of the ground, which was 
very uneven at this point. The water of condensation is returned to 
the boilers. 

While the central plant system had been adopted in these cases, 
it did not appear feasible for the buildings in the civic center, which 
is the business portion of the town and contains a department store. 



FIG. 8. INTAKE HOUSE AT THE RIVER FOR THE NITRO WATER SUPi'LV 

hotel, drug store and haberdasher's shop, bank, moving picture 
theatre, school, bachelors apartments, Y. W. C. A. and similar 
buildings, as the approach of cold weather made it imperative to 
provide heat in such buildings as were being constructed while it 
was still undetermined how extensive should be the completed civic 
center. For this reason and in order that each building should 
be provided with a heating system ready for use by the time the 
building was completed ready for occupancy, it was decided to 
install in each building an independent low pressure steam heating 
system, supplied by one or more, as required, sectional boilers. 
The systems are of the underneath supply gravity return type, 
supplying direct radiation except in the moving picture theatre, 
which is equipped with a fan blast system, providing both heat and 
ventilation. 

In addition to the barracks which have already been described, 
the housing area proper contains several different types of buildings, 
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depending on the nature of the occupancy, all of frame construc- 
tion, and which can be briefly described as follows : 

Bunk houses, one story high, with "novelty" siding and prepared 
roofing, plastered on the inside, with accommodations for 48 men. 
Each building is divided into 24 rooms, without communicaticm 
from one to another, and each with its own entrance. There are 
20 of these houses, and like the barracks, each is provided with a 
wash house. 

Civilian bunk houses, one story high, with walls sheathed and 
covered with prepared roofing and battens, and without partitions; 
they are of purely temporary construction. They have acconmioda- 
tions for about 50 men each. 

Bungalows of from four to six rooms, depending on the location 
and occupancy, of frame construction, walls lined with wall board. 
All the bungalows in each locality are exactly alike. These houses, 
of which there are more than 2,000, are intended for families. 

Two-story houses of from six to eight rooms, all with basements, 
some with attics also. They are of frame construction, plastered 
on the inside, and are more or less individual in character. There 
are only about 150 of these houses, which are intended for the use 
of the executives. 

Heating in all of these buildings, — barracks, bunk houses, civilian 
bunk houses, wash houses and bungalows, — is either directly or 
indirectly by natural gas. West Virginia is in the natural gas field, 
and the gas company had two large mains passing through the 
plant, making it an easy matter to obtain all the gas required for 
fuel for both heating and cooking in the residence area, and for 
emergency lighting in the general hospital group and at such other 
points as seemed desirable. This fuel is used also under the boilers 
in the several heating plants. It was estimated that this would 
require about 2,500,000 cu. ft. of gas per day, taken from the 
mains at approximately 175 lb. pressure and delivered through pres- 
sure regulators into the service mains at 8 oz. These mains extend 
into every part of the residence district and to points in the acid, 
cotton purification, nitrating, administrative and mechanical depart- 
ments, and the general hospital group. No gas mains were in- 
stalled in either the coUoiding or drying departments, as it was 
deemed unsafe to permit open flames in the powder manufacturing 
areas. The use of natural gas for these purposes permitted the 
installation of a simple system of mains to supply fuel to all parts 
of the plant where this could be used, providing a clean and ready 
heating medium, and relieving the railroad for transportation of 
other materials. It also requires no storage space, hauling or 
handling. 



Digitized by 



Google 



Heating and Ventilating of Powder Plant, G. W. Hubbard 347 

The methods of heating the several types of buildings in the 
residence areas are almost as varied as the types. 

Cantonment heaters were installed in the barracks — four in each 
building, — one in the center of each main room in the first story 
and two in the second story, placed directly over those in the first. 
At the time the installation was made the air supply was taken 
from the floors of the rooms to be heated, and ventilators installed 
in the roof with openings from both the first and second stories for 
the exit of foul air. Later this was found to be insufficient, and ducts 
were run directly from out-of-doors to points below the heaters to 
bring in a constant supply of fresh air. The ventilation of these 
buildings was still further improved by installing a system of foul 
air ducts connected to the ventilators, with provisions for creating 
an upward current of air in them by gas burners. 

An individual room heater was installed in each room in the 
48 men's bunk houses, provided with a fresh air duct connection to 
the outer air. A ventilator in the roof over each room provided 
an outlet for the foul air. 

The same plan was followed in heating the civilian bunk houses, 
but as there were no partitions, the heaters were placed under 
alternate windows and the ventilators in the ridge of the roof. 

Room heaters were used in all wash houses. 

Many of the bungalows were built with fireplaces in the living 
rooms and here gas grates were installed. In all rooms not con- 
taining fireplaces, except the kitchens, room heaters were installed. 
No heat was required in the kitchens except that derived from the 
gas stoves. 

The two-story houses were equipped with furnaces, with the 
usual arrangement of hot air flues leading to the several rooms. 
In one or two instances gas room heaters were installed also, for 
use on days when a small amount of heating would be necessary in a 
few rooms, but it was not sufficiently cold to require the heating of 
the entire house by the furnace. 

A few of the larger buildings, such as the negro Y. M. C. A., 
commissary and some of the stores, which were not a part of the 
civic center, nor near other steam heated buildings, were also 
equipped with gas room heaters. 

No mechanical ventilation was provided in any part of the housing 
area where it could be avoided, as the entire plant was considered 
temporary. However, it was necessary to provide this in the largest 
of the niess halls, where two supply fans were installied to deliver 
fresh, warmed air to the dining rooms and an exhaust fan to re- 
move the foul air. The latter was placed in the kitchen and took the 
major part of its suction from this room, provision being made to 
permit infiltration of air from the dining rooms to the kitchen. 

It was necessary to provide mechanical ventilation also in the 
auditorium section of the white Y. M. C. A. building, where moving 
pictures were shown and large numbers of people gathered. Here 
two exhaust fans took the foul air from the room and delivered 
it out-of-doors. 
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In the general hospital group mechanical ventilation was pro- 
vided in both the main and isolation ward kitchens, exhaust fans 
drawing from hoods over the ranges and other heat producing 
equipment. 

The above outlines in general the conditions governing the in- 
stallation of heating and ventilating equipment for this plant and 
the means taken to provide for the comfort of the employees and 
their families in this regard. No attempt was made to design or 
install work which should be permanent or of the highest efficiency, 
but the whole was in accordance with good practice, of rugged con- 
struction, and as efficient as was deemed compatible with the 
emergency nature of the entire enterprise. 
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HEATING AND VENTILATING THE STANDARD 
SCHOOL HOUSE 

By J. D. Cassell, Philadelphia, Pa. 
Member 

IN Webster's Dictionary we find the word "standard*' defined as 
*'that which is established by authority as a fixed rule or meas- 
ure; established rule or model/' If the standard school house 
is to be a model, then all of its component parts should be of equal 
worth, therefore the heating and ventilation should approach this 
measure of perfection as closely as our present knowledge of the 
subject permits. 

Who, however, proclaiming the standard of today may know how 
soon that fixed rule or measure will become obsolete? What shall 
this standard be, and on what may its designer base his claim that 
it is a model, something so nearly perfect that it may be accepted 
as a rule? 

• The writer feels that it is quite impossible to designate some par- 
ticular method, even though he considers it nearly perfect, and 
expect that his views will be accepted from Maine to California. 
Even in a given section of the country we find widely differing 
requirements and desires, for the thickly populated city has one, the 
village another and the sparsely settled farming district, a third. 
Consider the requirements of the big city alone, where many dif- 
ferent types and sizes of buildings are in use, and where most of 
the theories are given at least a chance for demonstration. 

We have the advocate of the open air class room, and the man 
equally sane, who would under no condition permit his child to sit 
in an unheated room ; the man who tells us there can be no ventila- 
tion with closed windows, and the engineer who insists that all 
windows be closed or his entire scheme of ventilation is destroyed ; 
the advocate of upward ventilation and his adversary who claims 
that better results are obtained if the air movement is downward. 
All should be heard and their theories and beliefs considered, as 
some merit may be found, if it be only that it gives us new side 
lights and additional information. In view of all these widely 
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divergent requirements what shall be the standard? Shall it not be 
an intelligent endeavor to produce within the building an atmospheric 
condition approaching as closely as possible to nature, plus such 
measure of heating as may be required? 

As to methods, let us consider first the unusual open-air class 
room. This condition frequently requires no artificial heat In a 
fairly mild climate we may, imder some restrictions follow this 
practice, particularly if the rooms have southern exposure with an 
abundance of nature's g^ft — ^the sun, the greatest heater and cleanser. 
Or, if the climate be more severe, these rooms may be used only if 
some measure of heat is provided, to offset the chill of damp, murky 
days. But let us not forget, if we house children in cold rooms, 
we must provide clothing in addition to that furnished by the parent, 
and also bear in mind that frequent feeding will be necessary to 
compensate for the heat loss of the vital organs without encroaching 
too much upon physical endurance. But what of the open-air room? 
Will the tax payer stand for it? As an economic question will it 
cost less or more to feed 40 little human furnaces, and wrap 40 
children in blankets, than to stoke the warm air furnace or $team 
boiler? And from the other side, what are the relative results in 
the mental and bodily vigor of the children concerned? These rooms 
are a condition, but surely not a standard. 

We take pride in the fact that we have progressed beyond the 
little red school house with its "bar room stove" and no ventilation 
other than the open window, but which is, nevertheless, the alma 
mater of so many sturdy minds and bodies leading and directing our 
glorious Republic. However, we have with us today a very similar 
building, the one room school. In these, quite satisfactory results 
are had where a double jacketed stove or portable furnace is located 
directly in the room, with outside air admitted at the base of the 
furnace and the air movement accelerated through a vent flue by 
utilizing the waste heat of the smoke pipe. If, in a building of this 
kind, electric current is available let us by all means use a disc fan 
in the air intake, and know that we are providing a definite quantity 
of warmed air. 

In the consideration of buildings of moderate size and run under 
normal conditions, good results attend the use of properly designed 
and installed warm air furnaces located in the basement with fresh 
air ducts leading to the base of the furnace from the point of the 
prevailing winds. Properly proportioned heat and vent flues must 
be considered and the efficiency of the latter will be greatly increased 
if the smoke pipe of the furnace is passed up through them. This 
system is also improved by the addition of a fan blower and may 
be made to produce positive results but all warm-air furnace heating 
has its limitations, as the size and number of the heating units 
increases far beyond any reasonable expectation of their efficient 
handling. 

Right here the writer desires to say that warm air furnace heating 
has been too severely and unjustly condemned by those who do not 
know or who are biased in their judgment. The failures, some of 
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them very real, have been due, not to the. system and method 
employed, but to the gross ignorance, carelessness or cupidity of 
those making the installation. Where furnace heating is designed 
and installed by the engineer who knows the how and the why, there 
need be no failure, but a measure of success of which no engineer 
need feel ashamed. A wide and profitable field yet awaits the warm 
air furnace engineer who will properly design and install his system, 
particularly in localities where extreme low temperatures prevail, 
for with this system we escape the loss and inconvenience of frozen 
pipes. A valuable addition to furnace heating is the combination 
warm air and steam heater, where the rooms may be warmed by 
direct radiation, and the air for ventilation is tempered by the fur- 
nace. If to this outfit we add a fan blower delivering a known 
volume of air, we have a system acceptable in many localities. 

We will now consider steam heating systems. The one in most 
general use is that in which the air for ventilation is moved by 
gravity, being brought in contact with indirect radiators and raised 
to a temperature not exceeding 90 deg. fahr., and direct radiation 
located in the rooms to offset the heat losses through walls, windows, 
etc. Many considerations enter into this system ; it may be the most 
complete failure of any method, or a system meeting most of our 
modem requirements. We must not only take account of the amount 
of direct and indirect radiation, but also properly proportion the 
heat and vent flues and provide a trunk line of ducts to convey air 
to the indirect radiators. We may design and proportion this 
system with the greatest care, calculate to a nicety just how 
much air we shall deliver to each room when the outside tempera- 
ture is as low as 40 deg. fahr. and obtain satisfactory results one 
day. But what of the next day, when the wind comes from the other 
quarter, or comes not at all ? In fact we do not have satisfactory 
control ; there need be no question about warming the building, but 
each day with its varying air supply, produces changed ventilation, 
requirements and results. 

All of the systems thus far considered may be greatly improved 
by partially cleaning the air supply by passing it through screens or 
over properly designed baffles ; also by the introduction of one of the 
many types of water pans if furnaces are used, or perforated steam 
pipes, to obtain a given amount of moisture. In the use of the water 
pan the required result may be approximated only, but positive 
results will attend the use of perforated steam pipes humostatically 
controlled. Automatic temperature control and draft regulation 
should be provided as a part of any system. 

Let us now pass on to "plenum" systems. If designed for both 
heating and vefttilation we raise the incoming air to a temperature 
of from 70 to 120 deg. fahr., by-pass a portion of the unheated 
air around the heater, and by the use of mixing dampers deliver 
to each room a constant volume of air, warmed to the temperature 
required, or a mixture of warmed and cold air. With this scheme 
the mixing dampers should be automatically operated and controlled 
by the temperature of the rooms. When properly designed and pro- 
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portioned this plan leaves little to be desired and should be a success, 
particularly in compact buildings. 

An installation of this type is possibly open to adverse criticism 
due to the fact that in cold weather the plant must be operated 
during at least three hours before the opening of school sessions to 
insure a proper temperature in the rooms; the writer, too often 
found this true on cold Monday mornings, when the engineer did 
not get on the job early enough to overcome the heat losses of the 
cold walls. However, there is a feature of this system not to be 
disregarded, one which fully compensates for the possible objection 
just mentioned, that is, the positive ventilation obtained due to the * 
fact that in warming the building, we are introducing a definite 
volume of air. What is considered by some as the most complete 
and satisfactory plant, is that in which the "plenum" system provides 
warm air in volume and of temperature sufficient only to produce 
the required ventilation, while the actual heating of the rooms is 
by direct radiation. In this system, the air supplied for ventilation 
is warmed to not above 90 deg. and the direct radiation is usually 
placed under the windows, and operated under automatic temper- 
ature control. 

To either of these last two methods may be added air washing 
and humidification, also automatic or hand controlled dampers in 
the vent flues. For economic reasons, re-circulation of the air may 
be provided, but it should be done only in the early morning, before 
the pupils are admitted to the building, and under careful super- 
vision, to the end that the system is not so operated during school 
hours. Another variation of this work is a combination blower and 
exhaust system, in which to the "plenum" outfit is added an exhaust 
fan to move the vitiated air. The writer is firmly of the opinion 
that no excuse may be found for the addition of this exhaust fan, 
where the architect and engineer have given proper care in design; 
with it the "plenum" feature has been totally destroyed and inleak- 
age induced (particularly on the windward side of the building), 
with all of the objectionable cold draughts which we usually strive 
to avoid. What, also of the increased cost of installation and 
operation ? 

Another application is the "unit" system, where air is passed over 
a direct radiator, enclosed and located under a class room window ; 
fhe air is moved bv a motor-driven sauirrel-cap^e fan. which delivers 
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victual pipe or outlet method, which may yet be found to meet the 
requirements of a standard, by delivering and directing the air in 
both volume and velocity to the greater benefit and comfort of the 
pupils. With this method comes the question, are we far enough 
advanced in the standardizing of the school house and its uses to 
fixedly locate these numerous outlets and so for all time limit 
the use and arrangement of the rooms, preventing their use for 
other purposes, except at an almost prohibitive cost for re-arrange- 
ment. 

There are localities and building conditions for which some one 
of the mentioned systems of heating and ventilating may be selected, 
and which, if properly designed, proportioned and equipped with the 
proven mechanical devices for air conditioning, temperature regula- 
tion, etc., will give maximum success. 

And now, with all these methods before us, and many variations 
and refinements not herein considered, what is the standard — the 
model for which we search ? After all the expenditure of care and 
thought and the cost of the most nearly automatically perfect system 
yet devised, suppose the janitor runs the fan at say half speed, or 
in mild weatl)er not at all. Where then is our great feat of engineer- 
ing? Are we ready for any one method as a standard — shall we 
not recognize all the good features in all the good methods, and 
design what is best adapted to the particular building? 

As engineers we can have no valid defense, should we be guilty 
of poor design, but we can and must try to meet the wants of our 
client, the taxpayer, and by all means in our power prevent a recur- 
rence of the errors of the past and keep astride of the successes 
of the present. To how many of us has the thought occurred that 
possibly after all the real standard is the measurement of results? 
The desired results can only be attained by everlasting vigilance on 
the part of some responsible head, to see that the apparatus when 
properly installed is operated at 100 per cent efficiency. 

The writer has in mind a school house in one of our eastern Penn- 
sylvania towns in which the heating apparatus is operated with 
great economy and gives entire satisfaction, and, with little merit 
from an engineering view, it does thoroughly warm and ventilate 
this compact little eight room building. Why the success ? Constant 
attention on the part of a school controller and steam heating con- 
tractor, who had an idea which he put to practical use in this Iraiki- 
ing, and then by personal daily supervision had it operated to suit 
him, and the people are satisfied with what they claim is a model 
system. In the same town there are two school buildings equipped 
with "plenum" systems, which neither warm nor ventilate, owing no 
doubt to lack of personal attention. 

To further exemplify what may be accomplished by personal 
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item of about $9,000 per annum for renewals. At that period 
the life of a furnace was estimated at about 20 years, and the 
renewals averaged 30 per year. By proper instructions to the 
janitors as to the operation and care of the furnaces (and a constant 
follow-up system during the heating season and the summer months 
as well), the repair item is now less than $4,000 per annum, and the 
renewals at a minimum. During the past five years not one new 
furnace has been provided, and adding the fact that the furnaces 
are not overheating the air, and do not give out coal gas due to 
burned and leaking bodies, we have a result not to be measured 
in terms of dollars, but certainly conducive to the health and comfort 
of the pupils. 

Is this not the time to fall in line with fuel economic require- 
ments — ^and is not the public school the ideal place in which to recog- 
nize a new and lower standard temperature of 65 deg. fahr. for the 
class room in place of the 68 to 70 deg., as is now the almost uni- 
versal practice? This can be successfully accomplished by main- 
taining the proper per cent of relative humidity. Should this latter, 
which the best known authorities of the day place at 45 to 50 per 
cent, not also be a standard? Air motion must be observed and 
directed, as it has been demonstrated that where there is a precepti- 
ble air motion a higher temperature or higher humidity must be 
maintained for personal comfort. The dust content can and should 
be minimized by filtration or washing, and properly oiling the floors, 
which will also lower the bacteria content. There has been much 
discussion and many positive decisions rendered by the most able 
minds of our time to the effect that the carbon dioxide content in 
the class room air is harmless. I accept that; but advise that it 
be kept below 9 parts in 10,000, by positively delivering the required 
volume of fresh air per capita. All of the above can be readily 
obtained and each should be recognized as a necessary adjunct to 
the ventilation of the standard building. 

If the community is willing to accept these several well estab- 
lished principles, which imquestionably redoimd to the greatest good 
to the largest number, then a standard requirement of, let us say, 95 
per cent perfect, should be embodied in the specifications for heating 
and ventilating of the standard school house, including the necessary 
tests made by a qualified expert, and I here take the opportunity of 
advocating the use of the S)mthetic Air Chart for determining the 
percentage of perfect ventilation, as originated by Dr. E. Vernon 
Hill, Chief of the Ventilating Division of the Chicago Department 
of Health. This is undoubtedly the most advanced and practical 
method thus far produced, wherein temperature, hiunidity, air mo- 
tion, dust, bacteria, odors, air supply and carbon dioxide content 
are properly grouped, given a relative value and plotted to deter- 
mine their comparative percentages in perfect ventilation. 
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DISCUSSION 



H. M. Hart: — The efficiency of the apparatus seems to be very 
largely dependent upon the operating engineers. 

P. M. O'Connell: — ^This paper mentions the different types of 
heating systems which are used in school buildings. I have often 
wondered if it would not be possible for us to cut this number 
down. There are some systems being installed in school buildings 
which do not appear to be very practical. I have found that school 
boards want a certain kind of system regardless of the engineers' 
preferences. We have passed the experimental stage and have had 
committees test different kinds of heating and ventilating systems 
and the results have been published but no decisions have been made. 
Is this not a problem for the Research Bureau? It would be of 
great assistance to the heating engineer to be able to say that this 
Society does not approve of certain kinds of systems. 

The President: — I think it is the desire of this Society to encour- 
age the elimination of unnecessary types. However, some of the 
most unpromising apparatus has developed into very useful and 
commendable apparatus, so that it is rather, dangerous ground 
upon which to tread. The elimination of unnecessary types and the 
able, but there is an important obverse side, of which we must not 
lose sight. 

H. M. Hart : — The Research Bureau can help out on* this ques- 
tion, by establishing the standard air condition that is desirable. 
Now as to how those conditions should be obtained I do not think 
we care. The more ways there are of obtaining them the better it 
would be for the public in general. I do not want to cut down the 
ingenuity of the individual engineer but there is a need for stand- 
ardization or the establishment of the most desirable air conditions. 
However, we must keep away from methods of obtaining them. 
This Society should not go on record as opposed to certain meth- 
ods, providing they produce the desired results. If that were the 
case, in a factory it would undoubtedly develop that where there were 
few people in a large cubical content, it would not require six 
changes in an hour. In fact we know it is not necessary for good 
air conditions to have that. So if the subject is approached from 
the standpoint of the conditions it is necessary to maintain, regard- 
less of the method, it will simplify the problem. Undoubtedly the 
building that was spoken of would have gone ahead if dealt with 
in this manner. 
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Frank K. Chew : — Does not this again bring us back to the 
topic of publicity? The duty of each individual member of the 
Society is to let the people in his community know that the engi- 
neer has as much valuable information to give as the physician; that 
he can save them more money and can give them more comfort. 
His opportunity is to get his information before the women's club, 
before the mothers* association, the men's club of the church or the 
chamber of commerce. . 
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No. 532 

CAPACITIES OF REDUCING VALVES FOR STEAM 
HEATING SYSTEMS 

By James A. Donnelly. New York. N. Y. 
Member 

THE capacities of reducing valves may be considered from 
two viewpoints. One, that they should not be greater than 
that of the inlet and outlet pipes to supply the steam and 
carry it away, with a reasonable or standard drop in pressure per 
unit of length, and that the area of the seats should be suitable 
for this rated capacity. The other viewpoint might be that the 
area of the seats should always be as large as the area of the inlet 
pipe and that the sizes of the supply and delivery pipes should be 
increased to correspond to the maximum capacity of the valve seats. 

The latter method would often result in the use of a reducing 
valve and connecting nipples much smaller than the supply and 
delivery mains, and therefore much weaker structurally, from a 
mechanical standpoint. This would result in a design that is liable 
to rupture from expansion strains of the piping, and it may, there- 
fore, be considered better engineering practice to rate the valves 
at the capacity of the inlet and outlet pipes and consider the neces- 
sary size of the seats for these ratings. 

It is also desirable that the reducing valves and the sizes of the 
seats be so proportioned that the valves will have as large a lift 
as practicable in order that wire drawing or cutting of the discs 
and seats may be avoided. This also results in a more accurate 
regulation, as smaller seats are easier to control. 

Reducing valves for steam heating systems are usually made with 
the pipe size of the outlet double that of the inlet. They are usually 
provided with double seats of such a diameter that the combined 
area of the two is approximately equal to the area of the inlet pipe, 
although some have but a single seat, usually the diameter of the 
inlet pipe. The maximum movement of the discs is usually designed 
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will also allow a reasonable factor of safety or possibility of over- 
load sufficient for starting up a cold plant. 

The velocity of flow of steam of a greater pressure into an 
atmosphere of a less pressure, increases as the difference' of pres- 
sure is increased, until the delivery pressure becomes 58 per cent 
of the initial pressure. The flow does not, thereafter, increase by 
a further decrease of the delivery pressure, and increases very slowly 
by a greater initial pressure, because the density and tjie weight 
to be removed increase with the pressure. 

If the inlet pressure is but 25 lb. absolute, or 10 lb. gage pres- 
sure, and the outlet pressure atmosphere, the condition of 58 per 
cent delivery pressure is present and the velocity of flow through 
a converging nozzle is 863 ft. per sec, resulting in a delivery of 
approximately 23 lb. per minute per sq. in. area of orifice. Tests 
by the author on fractional valves indicated that they had an effi- 
ciency of orifice of about 60 per cent. Applying this factor would 
indicate a delivery of about 14 lb. per sq. in. area of orifice per 
minute, or sufficient steam for the normal supply of 2,800 sq. ft. of 
radiation with a reasonable allowance for the condensing effect of 
the piping system. 

In the following table, the usual sizes of reducing valves are 
rated in accordance with the standard rating of steam mains, cor- 
responding to the low pressure side of the valve. These ratings 
divided by 2,800 give the necessary areas through the valve seats 
for steam at 30 lb. gage pressure to be reduced to atmosphere. 



TABLE 1. 


RATINGS FOR THE USUAL SIZE OF REDUCING 






VALVES 
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Diameter 


Diameter 


Diameter 


Valve 




Seat 


Double 


Double 


Single 


>ize, in. 


Rating 


Area, sq. in. 


Seat, in. 


Seat, in. 


Seat, in- 


1 x2 


300 


0.1 
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1! 
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l%x2% 


500 


0.18 


^ 
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tt 


lHx3 


900 


0.32 
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lA 


II 


2 x4 


2000 


0.71 


1. 


1% 


1% 


2%x5 


3600 


1.29 


lA 


1% 


HI 


3 x6 


6000 


2.14 


IH 


2% 


2% 


4 x8 


13000 


4.64 


2A 


2% 


3A 


5 xlO 


23000 


8.21 


3% 


3% 


4A 


6 xl2 


37000 


132 


4% 


4% 


5% 


8 xl6 


78000 


27.9 


6. 


5% 


8% 



The fourth column gives the required diameter for double seat 
valves, while the fifth column gives the diameter commonly used. 
The sixth column gives the required diameter for sjngle seat valves. 

It will be seen from this table, that the area of seats as com- 
monly made are amply large even at the unsually low initial pres- 
sure of 10 lb. The necessary area of seats as given above may be 
divided by 2 if the inlet pressure is increased to 35 lb. gage ; by 3, 
if increased to 60 lb.; by 4, if increased to 85 lb. 

The friction drop for the high pressure supply main will vary 
with the pressure used, but it may be said to average approximately 
1 lb. per 100 ft. run, with the pressures in ordinary use. 
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DISCUSSION 

The Author : — For a number of years I have been doing more 
or less mathematical research work in regard to various sizes of 
steam mains and return mains and wet returns and dry returns. 
One of the subjects upon which I have been engaged is the capacities 
of reducing valves. 

The maintenance of orifices through thoroughfare valves are used 
in a great many ways in heating, and one of the primary ways is 
the reducing valve. Some of them are automatic reducing valves, 
regulating valves, many of them are hand operated valves. There 
is a tremendous number of them in use. I have made some inquiry 
as to whether the coefficient of flow and amount of flow have been 
so well established through orifices in thin plates and orifices with 
rounded entrances, similar to those used in steam flow meters, as 
have been calculated for globe valves. 

The formula and tables of flow where the terminal pressure is 
at least 58 per cent of the initial pressure, gave a very simple for- 
mula, and from that and from the standard tables I took the amount 
of flow as a basis for figuring what would go through the reducing 
valve. Skipping the preliminary part of it, I have confined this 
discussion to reducing valves for steam heating systems. They 
are usually made as per Table 1 which gives the diameter of the 
outlet or pipe size of the outlet twice that of the inlet size. Just 
how this came about, unless by rule-of-thumb, I don't know, though 
it is common practice. 

Now we find that if the inlet pressure is only as high as 25 lb. 
absolute, or 10 lb. gage pressure, the condition of 58 per cent deliv- 
ery pressure is present and there is practically a constant flow, 
the additional flow coming from the increase of density on the 
inlet side. The factor is easily figured out from that. The result 
shows that this square inch in area of orifice will supply enough 
steam for 2,800 ft. of direct radiation, with a reasonable allowance 
for the condensing effect of the piping system. That is figuring 
the full capacity of the mains for 3/10 lb. of steam per sq. ft. of 
heating surface. If you have a more or less effective radiating 
surface you can make corresponding corrections. Direct-indirect or 
hot blast can be brought to that equivalent, with that surface rating. 

There might be two ways of considering the use of the reducing 
valve, that is the view-points of the designer or user, perhaps, or 
the contractor. The owner of the plant is certainly most vitally in- 
terested in accurate regulation. From time to time the contractor 
may be interested in getting a reducing valve of a little smaller size 
and a little lower price, which has its effect. However, if a reducing 
valve is made of one certain kind of cast-iron, taking a 4x8 reducing 
valve and reducing the seat diameters through it, the brass work 
would be a little less and the machine work would be about the 
same, but the regulating effect of the valve would be improved. In 
the first place, there would be a larger proportion of diaphragm to 
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seat area of valve than if a smaller valve were used and better rtgVL- 
lation might also be expected. This might not apply to all pilot- 
operated valves but it certainly applies to the direct-acting valve. 

Again, the sizes of pipe would seem more in proportion for 
strength. Of course it is possible to take a 2 in. valve, rig a 4 in. 
supply to it and take a 6 in. discharge away from it. But if the 2 
in. connections are made long enough to give spring so that expan- 
sion and contraction will not bring strains and danger of rupture, 
the limiting point in the flow may be the combination of a small 
sized pipe and a small sized valve, so that the seats do not regu- 
late the drop in pressure or regulate the flow as would be the case 
if the body itself were larger. 

An interesting comparison between reducing valves and steam 
traps is that in selling a steam trap for a higher pressure the 
dealer sells the same size trap but a smaller size seat. I have here 
the seats from two steam traps or from the same 1 in. steam trap, 
and they are marked with the pressures for which they are intended. 
This one, which is }i in. in diameter, is for 30 lb. and this other 
one, which is }i in. diameter, is for 200 lb. It is peculiar that they 
do not follow the same practice in reducing valves. In selling a 
valve for reducing pressure they do not usually sell a smaller seat. 
Some manufacturers do vary the seat considerably and others give 
the same size seat but a smaller valve. I urge that we will get 
better regulation, a better all-around design of valve, by following 
the steam trap practice. A large seat in a reducing valve may work 
indifferently well but it gets by. 

The table gives the area in the third column, which is obtained 
by dividing the rating surface by 2,800, and gives the inlet area 
in square inches of seat necessary for 10 lb. gage pressure on the 
inlet side. Supposing atmosphere on the outside, that is about the 
severest duty that a reducing valve could perform because as the 
inlet pressure is increased, naturally more steam is delivered. 

Under this use and construction of valves, the sizes of the seats 
are just about right, a little larger than necessary in smaller sizes 
and just about as large as necessary in the larger sizes. When the 
inlet pressure is increased to 35 lb. gage, the necessary area can be 
divided through the seat by 2, and every time 25 lb. pressure is 
added to the inlet pressure the numeral 1 may be added to the 
divisor. Thus it figures out that with 85 lb., which is not a very 
high inlet pressure to atmosphere on the outlet side, the required 
area may be divided by 4. Naturally, dividing the required area by 4 
will divide the diameter of the seat by 2. 

Taking a 4 x 8 valve as an example, the area required for the 
seat would be 4.64 sq. in., or two double seats, each approximately 
2-7/16 in. in diameter. Using 85 lb. inlet pressure those double 
seats can be used just half that diameter, or approximately 1% ^^' 

It is readily seen that very much better regulation should be 
secured by two 1J4 in. seats with the same diameter of diaphragm 
control than with seats four times the area. Of course there is 
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always a little unbalanced area in double seat valves, so that one 
acts different from the other. 

The conclusion might be drawn from this paper that reducing 
valves are made correctly, but from the data given here — ^and I do 
not know that it has been published in this country before^ — it 
appears that capacities in reducing valves are given, but not the 
reason for the capacity. It might be possible to investigate the 
subject of the diameter of seat for different sizes of valves in 
order to secure not only better control, better customer service imder 
widely varying heating load — and the heating load is the varying 
load — ^but also perhaps longer life of valve and a lower repair bill. 

The required area is, I believe, figured out in a very conservative 
way. I have taken only J^ of the seat diameter lift in all cases, 
whether of double or of single seated valves, rather than J4 of the 
diameter lift. I asked some of the manufacturers whether they 
did not think that some sacrifice of sensitiveness was made in getting 
the maximum amount of lift of discs of J4 diameter, and they agreed 
that it might be and that it was especially hard in large sizes. 

Figuring only J^ diameter lift gives a factor of safety, as the 
valve might be open more than that on the starting up load. 

J. H. Walker: — The reducing valve is a very important piece 
of apparatus to the central heating company. In the early days 
when exhaust steam was used, reducing valves were sometimes 
omitted, or if they were installed their operation was not particu- 
larly important. Nowadays when we carry 20 to 30 lb. pressure 
on our street lines and talk about pressures from 50 to 100 lb., 
it becomes very important to have a reliable reducing valve, and it is 
not too much to say that the successful distribution of high pressure 
steam depends upon the further development of reducing valves. 

I am inclined to favor the idea of small diameter and high lift; 
but in this connection it should be remembered that the reducing 
valve does not maintain an absolutely constant pressure. You must 
have a very definite governing characteristic in a reducing valve as 
in the steam turbine governor or any other governor, that is, the 
pressure must decrease somewhat with increasing steam flows. This 
is absolutely necessary for the operation of the valve. The matter 
of this regulating characteristic deserves much more attention than 
has ever been given it. 

D. S. Boyden: — ^The thing that is brought to my attention very 
forcibly is the fact that we have been too liberal in the factor of 
safety for reducing valves, obliging them to operate for long periods 
at the unstable point. Further when large demands for steam 
infrequently occur it may cause sticking valves. 

I think that this Society should very properly try to bring before 
the manufacturer the question of reducing valve design with areas 
recognizing high pressures, as suggested by Mr. Donnelly. 

H. M. Hart: — It has been an old custom in designing heating 
systems utilizing exhaust steam for heating, to make the inlet side 
of reducing valves half the size of the low pressure steam flow 
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main. How or why they arrived at that I have never been able to 
find out, but we have encountered a great many snags due to that 
old existing evil. Where the reducing valve is simply utilized for 
makeup steam purposes, a reducing valve with the inlet half the 
size of the low pressure heating main is many times too large and 
causes unsatisfactory operating results. ,We have advocated twin 
valves, in other words, two small sized valves side by side, to meet 
the varying load which the heating requirement demands. 

The load on the heating system will vary from 10 per cent to 100 
per cent of the requirements and the reducing valve accordingly. 
I do not believe that a reducing valve has yet been designed that 
will meet such a broad requirement. 

I have in mind an installation where the heating main was 12 in. 
and the engineer who laid out the system insisted on a 6 in. reducing 
valve. We put in a 6 in. reducing valve and alongside of it a 2 in. 
reducing valve. Both valves were bypassed and the engineer told 
me a year ago last summer, after we had that very severe winter, 
that he had never put in use the 6 in. valve; the 2 in. reducing 
valve had always been adequate for makeup purposes. 

I do not know much about valve design but I never could see 
the reason for ever buying a valve with an expanded outlet, neces- 
sitating a large valve on the outlet side. It always seemed to me a 
needless expense. The operation of the valve has to be governed 
through the pressure in the low pressure main after it has become 
more or less equalized and therefore the pipe leading from the 
low pressure main to the diaphragm of the reducing valve has to 
be connected some distance away from the point at which the makeup 
steam is admitted. Therefore I can see no objection to using a 
straight reducing valve connected into the low pressure header. 

C. R. Ammerman: — I had a very interesting experience with 
reducing valves at Camp Custer. I was there for a year in charge 
of the heating plants. Reducing valves were put in to supply low 
pressure mains. At the base hospital plant there were 8 and 10 in. 
mains. Reducing valves were put in, 10 in. in size with a 5 in. 
bypass, or 8 in. in size having a 4 in. bypass. We never had any 
satisfactory operation from them. In fact we did not use them. 
We shut oflf the main line and simply supplied steam through the 
bypass by throttling the valves. We later took the pressure reducing 
valves out and put in new reducing valves of the size of the bypass, 
putting them in the bypass in the most convenient place. We 
secured very satisfactory operation after that. 

With reference to the outlet twice the size of the inlet, we have 
made a practice of determining our pipe sizes, both the high pressure 
and the low pressure, and specifying the valves accordingly and 
have been able to get them built that way, with the seats designed 
for the proper drop in pressure. 

Mr. Freshee : — In this discussion of reducing valves I would like 
to know what the initial pressure is on the high pressure side or on 
the low pressure side relative to the size of the reducing valve; 
whether we are speaking about high pressure reducing valves on the 
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street main or in the consumer's premises. I think if we get the 
initial pressure on the high side or the low side it will det^^rmine 
the relative size of the orifice or the size in the reducing valve. 

J. H. Walker : — I just want to say a word in defense of the 
practice of having the outlet diameter of a reducing valve twi9e the 
inlet diameter. The selection of this ratio of sizes was entirely 
arbitrary, but it fits in fairly well with district heating practice. 

The size of a service pipe to a building is based upon entirely 
different considerations from the size of the mains in the building. 
The service pipe carries higher pressure steam and the velocities 
and pressure drops ordinarily allowed are very much greater, so 
that the diameter of the service pipe very frequently happens to be 
about half the diameter of the main in the building. 

Checking very roughly the capacities in Mr. Donnelly's table, the 
sizes of the service pipes as we select them in Detroit would be 
approximately the same as the inlet sizes of the various valves in 
the table. 

J. C. Matchett' : — May I ask what the sizes were on the high 
and low pressure side at Camp Custer? 

C. R. Ammerman: — The pressure was 90 lb., and there was a 
varying reduction. Some of our valves reduced to 5 lb. and some 
to 20 lb., but averaged about 15 lb. 

The Author: — Answering Mr. Freshee, the paper states that 
as the inlet pressure increases, a different factor may be used for 
the necessary areas of the seat. In connection with the point 
brought up by Mr. Hart and Mr. Walker, there must again be 
considered the analogy of this to other devices, perhaps pump gov- 
ernors, engine governors, and all those means of throttling and con- 
trol found where exact operation is necessary, in which large valve 
bodies and small seats, large weights and large members of inertia 
are controlled by very small devices, and this has not been applied 
to reducing valves. The thing is to get the control at the point where 
it is desirable to control it. In engine governors, fan governors, 
pump governors, the balanced valve governors and the balanced 
valves sold for general use, the thoroughfare through the seat will 
be a great deal smaller than the thoroughfare through the pipe. 

In an injector, a 2 in. steam line at 100 lb. can be connected with 
a 2 in. water main at 100 lb., and they will flow through a }i in. 
opening and get up a tremendous velocity, but they change to 
pressure head on the other side. Some one will come along and 
say : "Well, there is a % in. orifice there on the injector. Why not 
a }i in. pipe connection?" We do know it takes a 2 in. pipe con- 
nection. Again, there must be a very low drop in steam pressure 
to the injector, a very low drop in water friction from the injector 
to the boiler. With all of the devices of control that are used, 
the steam reducing valve, more than almost any other, has clung to 
the large seat. 
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A water reducing valve is more apt to have a smaller seat. I do 
not know much about gas reducing valves, but the gas distribution 
through our cities with the low pressures used ought to wake the 
steam men up. They use, I believe, not more than 2, 4 or 6 in. 
of water column pressure on the gas for miles through the street. 
After adjusting a gas radiator, it is not necessary to go back and 
readjust it very soon, yet some manufacturers of valves and radi- 
ators say steam pressure cannot be so well controlled. We are 
indicting ourselves. In this study of control of pressure let us 
outline the problem we are trying to solve and then make the appa- 
ratus to fit the problem. We in the heating business have been 
rather prone to make the boiler or the radiator or the device and 
find out afterwards whether it works. 

The low conduit drop or low conveyance drop through the main, 
and then the high drop through the orifice, is to be recommended. 

The drop through the inlet main with the pressures in average 
use would be about 1 lb. to 100 ft. in straight pipe, which about 
doubles with the friction of valves, elbows, etc., the drop in pressure 
on the outlet side being in conformity with the standard of 1 oz. 
to the 100 ft. 
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INDUSTRIAL USES OF SUPERHEATED STEAM 

By Alexander BitADLEY\ New York, N. Y. 
Nod- Member 

IN 1705 Denys Papin, the French physicist, made what was prob- 
ably the first application of superheated steam. By placmg a 
mass of heated metal in a recess of the piston, on the steam 
side, of Dr. Savery's engine, or pump, he reduced the condensation 
in the working steam and produced what was in effect a super- 
heater. A certain Capt. MacGregor in Cornwall, England, in 1828, 
built a brick jacket around the cylinder and the steam pipe of his 
pumping engine ; he left a space or flue between the brick and the 
metal and by maintaining a fire in this space he reduced the steam 
consumption of his engine to a remarkable extent. 

Up until about 1870 engineers took great interest in superheated 
steam. Ericson, Hirn and Isherwood conducted many experiments, 
securing excellent results. During this period, most of the super- 
heaters were installed in connection with marine boilers. 

However, about this time vast improvements in the steam engine 
were introduced — namely compounding, condensing, improved valve 
gears and last but not least higher steam pressures. These im- 
provements together with the troubles encountered in stuffing boxes, 
gaskets and lubrication on superheated steam, tended to limit its 
use for a number of years. In 1874 Dr. Kirk introduced the triple 
expansion engine and it soon became the standard type of marine 
engine. The steam pressure was still further increased and conse- 
quently the temperature, thus militating against superheating under 
the then existing conditions. 

Him continued his experiments and in 1892 in a series of tests 
showed a saving in fuel of 20 per cent with the superheater installed 
within the boiler setting. He superheated the steam to from 86 to 
113 deg. fahr. His successors, Schwoerer, Schroter and Schmidt 
made rapid strides in a|;ain bringing superheating into use. In 
1895 Schmidt built a boiler and engine for use with superheated 
steam and Prof. Schroter's tests showed that it developed an indi- 
cated horsepower upon 10.4 lb. of steam per hour, or about 1.3 lb. 
of coal. The steam pressure was 156 lb. and the superheat 189 deg. 

This was a remarkable performance, especially as the engine was 
of only 75 h.p. Soon after the reports of this and other tests were 
published, interest in superheating rapidly revived, especially in 

* Power Specialty Company, 111 Broadway, New York, N. Y. 
Paper presented at the Semi-Annual Meeting of The American Society of Heating 
AND Ventilating Engineers, Pittsburgh, Pa., June, 1919. 
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Europe. Lubricating oils, packings and gaskets were brought out 
which gave perfect satisfaction on superheated steam. During the 
last 10 years pressures have been steadily increasing, as has also 
the amount of superheating, resulting in higher final temperatures. 

At about 600 deg. fahr. cast-iron fittings and valves when used 
on superheated steam at the present high pressures, are apt to 
"grow ' or expand, and then take a permanent set. At somewhat 
higher temperatures, the cast iron commences to lose its strength 
and becomes in time unable to withstand the pressure. Much appar- 
ently conflicting evidence has been submitted upon this subject. 
After an experience of 15 years with superheaters and superheating, 
the truth appears to be that cast iron fittings and valves give good 
service on superheated steam at 500 to 550 deg. fahr. if built in 
the first place of good grey iron and of the proper strength to carry 
the pressure. If, however, a superheater is employed which gives 
wide fluctuations in the degree of superheat, the cast iron wiH 
"grow" and become "fatigued" in time. 

There are many plants which have been in operation for 10 years 
or so, where the cast iron fittings and valves are still giving good 
service, and that with pressures, up to 175 lb. and superheating up 
to a final temperature of 525 to 550 deg. fahr. Up until the last 
few years, cast iron has been the only metal used for this purpose 
in Europe, where they employ higher pressures and higher super- 
heat then we do in this country, though it should be stated that they 
claim to be able to produce a much better grade of cast iron than 
is made here. 

Steam, at any given pressure, is said to be saturated so long as 
it remains in contact with the water from which it is evaporated. 
If it is now separated from the water and more heat added to it, 
its temperature increases, it becomes practically a perfect gas and 
is said to be superheated. 

The specific heat of superheated steam, that is the heat required 
to raise 1 lb. 1 deg. varies with the pressure and also with the tem- 
perature; it increases with the pressure but decreases as the tem- 
perature becomes higher. At 50 lb. absolute pressure, the specific 
heat is 0.498 for 100 deg. superheat, and 0.491 for 200 deg. super- 
heat; while at 250 lb. absolute pressure it is 0.615 for 100 deg. 
superheat, and 0.562 for 200 deg. superheat. 

Being practically a perfect gas, superheated steam follows the 
laws of gases, its volume increasing with the increase in tempera- 
ture, and in direct proportion to the absolute temperature. As an 
examnle of this characteristic, saturated steam at 150 lb. oressure 
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Steam at any pressure can be superheated, and so long as it 
remains in connection with the source of supply of saturated steam, 
the pressure will not increase. As this is the usual operating con- 
dition, it may be stated that superheating steam does not increase 
its pressure. 

The following example will serve to show how superheating re- 
duces the steam consumption of an engine: In a certain engine 
(Schmidt) it was found that for each 1 per cent of wetness, or 
steam condensed at the point of cut-ofF, when using saturated 
steam, it required 7.5 deg. superheat in the entering steam to pre- 
vent condensation up to that point. Thus, in case 25 per cent of 




FIG. 1. RELATION OF SUPERHEAT TO ECONOMY FOR A 40O ¥L.W. 
WESTINGHOUSE PARSONS TURBINE 

the saturated steam condensed at cut-off, there wou\A be ^^^^^^A^ 
7.6 deg. X 25 = 187.5 deg. of superheat in order lor ^^ ^o Jf> t\vis 
at that stage. Suppose then it takes a pound oi st^^xtv ^^^ \oOO 
cylinder at cut-off, which would require for its ptoA^^^^"^!^ p\ace, 
B.t.u.; in the first case since 25 per cent conder\sa.\.\ci^ ^^Vces 1^^^ 
a total of 1 1/3 lb. was admitted, to produce v/\i\^\^ ^^ r^roduc^ 
B.t.u.; in the second case in addition to the lOOO B.t.ti. *?BT.5 A^S* 
the steam snflRripnt heat miiQf K^ ^AAt^A frx ^-.«r^**t-"H*a^«. ;i' ^ .l^.*Wc.\^ 
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reduces the wear of the blading to a minimum, and increases the 
capacity in horsepower. 

Fig. 1 gives the relation of superheat to economy on a 400 k.w. 
Westinghouse turbine, Fig. 2 is interesting in that it shows the 
saving made in a turbine by a vacuum up to 28 in. and by super- 
heating up to 150 deg. 
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FIG. 2. EFFECT OF VACUUM AND SUPERHEAT ON 

STEAM CONSUMPTION OF A 1500 K.W. 

TURBINE AT FULL LOAD. 
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FIG. 3. EFFECT OF SUPERHEATED STEAM IN REDUC- 

TION OF STEAM CONSUMPTION OF 12.500 K.W. 

WESTINGHOUSE TURBINE. 

In both engines and turbines, however, the guarantees of the 
builders and the basis of comparisons are upon dry saturated steam 
upon one hand and superheated steam upon the other. As a mat- 
ter of fact saturated steam always carries water in actual practice ; 
generally it is found to be what is termed commercially dry and 
contains about 2 per cent of water; For each 1 per cent of 
water the builder demands a correction in his saturated steam 
consumption of 2 per cent. Any reputable builder of turbines or 
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engines will today guarantee 10 per cent of steam saving if given 
100 deg. superheat as compared with dry saturated steam. There- 
fore, as there are in practice 2 per cent water, 4 per cent are gained 
by eliminating the water which, plus 10 per cent equals 14 per 




FIG. 4. DIAGRAM SHOWING STEAM AND FUEL SAV- 
INGS DUE To SUPERHEAT IN STEAM 
TURBINES. 
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FIG. 5. COMPARATIVE TEST BY U. S. STEEL 

CORP. ON STEAM CONSUMPTION OF ALLIS- 

CHALMERS-CROSS COMPOUND ENGINE. 

cent, the actual steam saving with 100 deg. superheat as compared 
with every day saturated steam. 

Fig. 3 illustrates quite clearly the reduction in steam consump- 
tion by using superheat in a 12,600 k.w. Westinghouse turbine at 
200 lb. steam pressure and 28 in. of vacuum. It should be noted 
that the saturated steam points are on the dry saturated steam line. 
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Back of this line where there would be moisture in the steam, the 
curves would ascend quite abruptly so that the difference in steam 
consumption per k.w.-hour between saturated steam with say 2 per 
cent of water and superheated steam with say 100 deg. superheat 
would add at least 4 per cent in the saving shown between dry 
saturated steam and 100 deg. superheat, on this chart. It will be 
noted that after about 100 deg. of superheat have been reached, 
the curves tend to ease off slightly, which bears out actual practice, 
that is to say, the greatest saving is accomplished by the elimination 
of the water and the first 100 deg. of superheat. 

Fig. 4 shows some curves worked out to illustrate the saving in 
both steam and fuel by superheating — when the. saturated steam is 
dry as well as when it carries 1 per cent water. 

Experience with several hundred engines of the Corliss and slide 
valve types indicates that with steam pressure up to 175 lb. it is 
practical and very beneficial to superheat the steam up to a final 
temperature of 475 to 500 deg. fahr., which generally means that 
there will be a temperature in the steam at the throttle of the engine 
of from 450 to 475 deg. Piston valve and poppet valve engines 
admit of carrying the superheat much higher and with good 
economy, although it is generally found that the first 75 to 100 
deg. of superheat effects a greater economy than any succeeding like 
amount. 

In a general way it may be stated that the saving in steam and 
in fuel by using superheated steam on reciprocating engines, pumps 
and compressors, is as follows; assuming 100 deg. superheat as the 
amount most frequently used: — 

Steam Fuel 

Saving, Saving, 

per cent per cent 

Simple engines and compressors 18 13.5 

Compound engines and compressors 14 10.5 

Triple engines and compressors 12 9 

Simple direct acting pumps 22 16.5 • 

Compound direct actmg pumps 18 13.5 

Triple direct acting pumps 16 12 

A few years ago a comparative test was run by the engineers 
of the U. S. Steel Corporation at one of its plants in order to ascer- 
tain what saving could be made in the steam consumption of a 
large AUis-Chalmers cross compound blowing engine. Fig. 6 gives 
the results obtained, in the form of two curves, the upper curve 
showing the consumption on saturated steam, while the lower curve 
shows the consumption on superheated steam. These give an aver- 
age saving of 13.33 per cent with 113 deg. superheat, and this too 
upon a very economical engine. There were several different types 
of engines tested and the entire series were very well conducted and 
the results most interesting. 

The Standard Oil Co., recently ran a series of comparative tests 
at its Maltby station on direct acting triple expansion oil pumping 
engines. Fig. 6 gives the results obtained in two groups of curves, 
one on saturated steam, the other on superheated steam. The results 
were highly satisfactory as the curves show — ^at the average power 
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load on the plant the saving in water fed to the boilers was 20.5 
per cent, the saving in dry steam on the main pumps was 10.93 
per cent and in fuel (dry oil) fed to the boilers 15.95 per cent. 

It should be borne in mind that the total saving is not made in 
the prime movers, to be mostly offset by the cost of the additional 
fuel required to obtain the superheat. A properly designed super- 
heater attached within the setting of a boiler always results in at 
least as good an efficiency for the combined boiler and superheater 
as for the boiler alone ; generally the combined efficiency is higher. 
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FIG. 6. RESULTS OF COMPARATIVE TEST CONDUCTED BY ENGINEERING 

DEPT OF STANDARD OIL CO. ON OIL PUMPING ENGINES WITH 

SATURATED AND SUPERHEATED STEAM. 



and often to such an extent that the first 50 deg. of superheat are 
obtained without the expenditure of any additional fuel. 

Being a perfect gas, as long as any superheat remains, super- 
heated steam can be put through pipes at a higher velocity than is 
permissible with saturated steam at the same pressure. This means 
smaller piping, resulting in reducing the cost of the items of piping, 
valves and fittings and covering. The loss in pressure through a 
long line is considerably less when the steam is superheated than 
when it is saturated, some existing lines having been improved in 
this respect by as much as 60 per cent. 

During the last few years a number of interesting uses for super- 
heated steam have been developed. The Peoples Gas Light & Coke 
Company of Chicago is blowing its water gas generators with 
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superheated exhaust steam at about 2.5 lb. pressure, instead of 
using live steam as has been the standard practice heretofore. The 
saving in boiler fuel averages 20 per cent and there is at the same 
time a very satisfactory increase in the capacity of the gas genera- 
tors themselves. The increase in capacity of the generators is due 
to the fact that the blowing period is prolonged fully one minute, 
thus demonstrating the great value of dry and superheated steam. 



FIG. 7. SEPARATELY FIRED SUPERHEATER FOR STEAM 



as it relieves the generator of the work of re-evaporating water 
which always is present in the saturated steam at the generator. 

In a wood pulp mill making pulp for paper, superheated steam 
used in the cookers, or digestors, reduces the time of the cook, thus 
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Sugar mills, salt works and plants of a similar nature where 
exhaust steam, or reduced pressure live steam, or a mixture of both, 
is used for the evaporator, have found it pays handsomely to super- 
heat all the steam at the boilers, thus reducing the cost of power, 
and at the same time, securin^^ a dryer exhaust for evaporating 
purposes. In the refining of oil it has been found that by super- 
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FIG. 8. WASTE HEAT SUPERHEATER FOR STEAM 



heating all the steam moderately, 75 to 100 deg., a dryer steam is 
obtained at the many and often distant points of use, steam traps 
can be eliminated, and the cost of power is reduced. In addition 
many refineries employ steam to agitate the oil stills ; and for that 
use the exhaust steam can be collected at from 10 to 50 lb. pres- 
sure, and superheated to from 500 to 600 deg. by a separately fired 
superheater. Sometimes the waste heat from the stills is sufficient 
to do the superheating. Such a superheater has been for some time 
in successful operation superheating 30,000 lb. of exhaust steam per 
hour at 20 lb. pressure up to a final temperature of 600 deg., cor- 
responding to a superheat of 341 deg. 
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Several installations for similar service but with the superheaters 
having furnaces of their own are in successful operation. The use 
of this superheated exhaust steam in the stills has proven of great 
value as there is a decided saving in steam and consequently in 
fuel, the agitation is improved in the stills, while the stills them- 
selves are not required to transmit so much heat. 

In refining vegetable oils and in the various processes of deodor- 
izing, superheated steam is very extensively used. Generally the 
steam is blown directly into the material through an open coil. It 
will be seen at once what a great advantage it is to use superheat in 
this way, because it can be furnished at practically any desired 
temperature up to 1000 or 1200 deg. fahr., if necessary, and the 



FK;. 10. SEPARATELY-FIRED STEAM SUPERHEATER OPERATED WITH OIL 

total heat of the steam can be fully utilized. Under the pressure 
of the war the chemical industry has experienced a wonderful 
development. Several special pieces of apparatus have been worked 
out in this field which if they are not steam superheaters, strictly 
speaking, yet, they are closely related and of much interest. 

Several hydrogen heaters are in successful operation, some having 
a capacity sufficient to heat 25 cu. ft. of hydrogen gas per minute 
at pressures up to 1500 lb. to temperatures up to 900 deg. The 
heating surface made up of what is known as the Foster construc- 
tion, consists of cast-iron rings or gills tightly fitted over seamless 
cold drawn tubes. 

Caustic soda heaters with capacities for heating at least 20,000 
lb. per hour at pressures up to 1400 lb. have been built and put into 
successful operation. The design and construction closely resemble 
that used for the hydrogen heater. 
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In many chemical plants oil is heated in a special heater, pumped 
through the jackets of kettles containing the material to be heated, 
and then returned to the heater again. The oil acting as the agent 
in carrying the heat to the kettle, is circulated continuously, all its 
heat doing useful work except that lost by radiation. It is now 
possible to obtain an oil for this work which will stand temperatures 
up to 650 to 700 deg. fahr., without carbonization. 

There are many requirements for large quantities of heated air 
in the chemical industry where an air heater must be simple in 
design, take up a small amount of floor space and have good effi- 
ciency ; while at the same time offering the minimum resistance to 



FIG. 12. SKl'AR.VTKLY-FIKED HEATER FOR SUPERHEATING GAS 

the air in the passage through the heater. Heaters are built to heat 
air up to 1000 deg. fahr., and under any desired pressure. The 
heating surface consists of the regular cast-iron gills, or rings, 
tightly fitted over seamless tubes. Many of the operations and 
processes in the oil industry seem to be intimately concerned, or 
connected with, the manufacturing chemical industry, and in some 
instances in these industries a steam superheater of the separately- 
fired type having a very high efficiency is required. Such a super- 
heater must be durable, capable of close control and regulation, 
and at the same time as free as possible from devices, automatic 
or otherwise. 

A superheater meeting the above mentioned conditions has 
recently been built and put into operation. It has a capacity to 
superheat 105,000 lb. of steam per hour at 150 lb. pressure 150 deg., 
which is equivalent to a final temperature of 515 deg. This super- 
heater maintains a high furnace temperature and has an efficiency 
as good, if not better than a well set water tube boiler. 
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There are several other pieces of apparatus lately developed for 
this industry, but as the art is quite recent, they are more or less 
experimental, undertaken at the request of different chemical and 
oil companies and therefore to be regarded as their own private 
developments. 

Under the general heading of the use of superheated steam in 
process work, a line can be fairly well drawn on one side of which 
the operations can be successfully performed with superheated steam 
(and by successfully is meant that they are commercially prac- 




FIC. 14. SEPARATELY-FIRED SUPERHEATER FOR OIL 



ticable) and on the other side of the Hne superheated steam will 
either not function satisfactorily, or if it does, the cost of the oper- 
ation is prohibitive. Where both the latent heat and the superheat 
of the steam can be utilized the operation is always successful and 
the use of superheated steam eminently practicable. Thus, wher- 
ever the steam can be blown directly into the mass to be heated, 
whether the latter is in powder form, paste form or liquid form, 
the elBFect desired is obtained and practically the only heat lost is 
that due to radiation. 

If the superheated steam is tried in a jacketed kettle or in a 
closed coil where the condensation is taken off by means of a trap 
or vacuum system, the results will be found to be disappointing, 
and this is because when the steam is superheated its specific heat 
is lowered practically one half, its volume is increased and it is a 
gas. This means that not so many pounds of it can occupy the 
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jacket or coil, that none of the latent heat can be given up until 
all the superheat has been absorbed. The superheat only gives 
Yi B.t.u. for every degree of reduction in temperature, therefore, 
very little heat is given up by the superheat in the steam — although 
what heat is given up is at a high temperature. The latent heat is 
then available and it is this that does practically all the work, but 
this latent heat has not a sufficiently high temperature to produce 
the desired heating effect and the small number of heat imits at high 
temperature given up by the superheat in the steam has not been 
enough to measurably increase the average temperature of the mass 
to be heated. It will be seen that these heating operations are a 
function of heat and also of temperature. There is a way in which 
the desired effect can be obtained by using superheated steam, 
namely by using a coil or coils with one pipe to carry the steam 
and of sufficient length, so that when blowing the steam directly 
through at a very good velocity there is sufficient heating surface 
to transfer practically all of the superheat to the mass to be heated 
and allowing the steam with all its latent heat still remaining, to 
blow straight through. It will be seen that we are in this case 
utilizing the steam as a means of conveying the superheat and that 
we will require a great many pounds of steam in order to do this. 
It is of course impractical in most instances, because of the amount 
of steam required and the great cost of fuel consequent upon the 
total loss of the latent heat. 

In some cases the saturated steam leaving the coil can be put 
through an engine or a pump or into some other process requiring 
lower temperatures and thus use can be made of the saturated 
steam ; in such a case the process can many times be made economical 
and satisfactory. There are one or two other ways in which the 
superheat only can be used in one operation and the latent heat, or 
a portion of it, in another and connecting operation. These opera- 
tions must be so related in their demands for heat that the saturated 
steam left from the superheat operation will be sufficient to pro- 
duce the desired result in the second operation. 

DISCUSSION 

J. A. Donnelly : — It is a long journey to hark back to the past 
when we heard about superheated exhaust steam for heating build- 
ings, and superheated exhaust steam as good for heating stills and 
boiling water and doing some of these other things with economy. I 
do not think it will be found that there is much economy in super- 
heating steam and using it for purposes such as these. In order 
to prove that anything has been saved it must be shown that some- 
thing was previously lost. 

If steam is manufactured with ordinary methods and the gases go 
up the stack at the proper temperature, CO is not going up instead 
of CO2, and the ash contains no considerable extent of 
unbumed carbon. Where was this loss from which the saving is 
produced ? I am yet to be convinced that one can superheat steam 
and boil water with it without condensing the steam, and I do not 
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see where the saving is in boiling water between the point of super- 
heat and the point of condensation of the steam. Superheated steam 
used continuously for any industrial purposes must be used and 
withdrawn from use before it condenses or it is not superheated 
steam. It is superheated steam in the first part of the process, then 
it becomes saturated steam and then ordinary condensation. 

H. R. Wetuerill: — What I grasped of this paper seemed to 
oppose the results of a test which was run by one of the companies 
I represent. The test was made two or three years ago in a medi- 
cine factory. The medicine factory had applied for service from 
our company, and as we had never guaranteed to supply over 1 lb. 
pressure at the service valve we did not care to get away from that 
lX)int, neither did we want to run a high pressure line to take care 
of their cooking stills. The engineers ran very extensive experi- 
ments by superheating steam with electricity and were able, after 
several experiments and after making several different types of 
coils, to raise the temperature of 5 lb. pressure steam to a tempera- 
ture of over 350 deg., but they were not able to boil medicine in 
the still. After much figuring they came to the conclusion that it 
would not be possible to boil anything with superheated steam, due 
to the fact that the heat value could not be thrown off of the steam 
until it came to the point of saturation and since that was the case, 
that superheated steam would be of no value as a heating medium. 

Now if superheated steam has given any better results or can be 
used for this purpose, I would like to know just why that would 
not work out and whether that theory of the engineers was correct 
or not. 

J. I. Lvle: — I do not believe it can be correctly said that there 
is not any heat given off by the superheated steam until it gets down 
to the point of saturation. The rate of heat transmission is entirely 
different. In one case it follows very closely the law of a perfect 
gas ; and in the other case there is the wetted surface from the con- 
densation and the transmission is greatly increased by the wetted 
surface that you do not have as long as you have superheated steam. 
If the heating surface for the boiler was that required for saturated 
steam it would not be enough using superheated steam because of 
the lower rate of transmission of the steam or dry gas. 

H. R. Wetherill : — That is probably the solution. 

Mr. Freshee: — At Harrisburg we have 6^ mi. of underground 
steam heating mains and some of the mains extend 1-1/3 mi. from 
the plant. Many of our complaints from the consumers on the 
dead ends of the main, or on mains away from the central part of 
the city, claim they are paying for condensation and saturated steam 
from the mains due to the distance in travel, this condensation 
registering on meter. To send out commercial dry steam we have 
made tests on superheating. We send exhaust steam at 12 lb. from 
the turbine into our 20 in. steam main which is supplemented by 
a 6 in. live steam main carrying 150 lb. pressure. This passed 
through a reducing valve, will make superheated steam of 400 deg., 
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which takes up or dissipates the saturation in the exhaust steam. 
Oiir tests have found dry steam at a distance of 2,000 ft. Beyond 
this distance the steam becomes saturated and this condensation, 
which we term "unaccounted-for-steam," is taken to street traps. 

When a consumer complains of paying for the condensation from 
our steam mains coming through the service and registering on his 
meter, we install a service trap to determine whether commercially 
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dry steam or within 4 per cent of condensation is registering on 
his meter. The supplying of live steam into the heating mains is 
economical, gives a better showing financially than supplying exhaust 
steam from engines, turbines and pumps, and gives better service, 
as there are fewer complaints when supplying dry steam. 

J. C. HoBBS^ : — I have not read all the paper, but from a glance, 
it appears that the author has used an argument which does not 
seem altogether logical to prove that superheated steam is desirable 
for process work. 

It is well known that superheated steam is more economical than 
saturated steam in connection with certain types of prime-mover 

^Vice-President National District Heating Association, c|o Duquesne Light Co., 
Pittsburgh, Pa. 
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machinery, i. e., turbines and engines which are designed and built 
to use superheated steam, but in process work an entirely different 
principle is involved. One of the reasons why superheat is more 
economical, than saturated in steam engines, is because it does not 
give up and lose so much of its heat to the cylinder walls. This is 
exactly the opposite of what is desired in process work, where the 
principal function is to transfer the heat from the steam to the 
substance to be heated. There is another principle involved, the 
temperature relation. iWe should not be foiled by the fact that 
superheated steam at a known temperature is being delivered to a 
piece of apparatus, into thinking that the temperature of the steam 
remains the same after it reaches the apparatus. As a matter of 
fact from the instant the superheated steam leaves the superheater in 
the boiler the temperature and the amount of superheat begins to 
drop, depending entirely upon the amount of heat given up by the 
steam. In well insulated steam pipes the amount of heat radiated 
and lost is a comparatively small amount, and the temperature and 
"degrees of superheat" remain almost constant. In process work, 
however, it is desired that the steam give up its heat, consequently 
the temperature and degrees of superheat rapidly decrease until the 
saturated temperature is reached, at which point the temperature re- 
mains constant until all of the steam is condensed. 

There are reasons why superheated steam should not be used. 
These reasons show why the economy is decreased. One is the in- 
creased heat losses, due to greater pipe line radiation due to higher 
temperatures. Another is the increased trouble due to the use of 
higher temperatures with pipe fittings and valves. When the whole 
problem is considered it is indeed doubtful whether superheated 
steam should be used for any process, unless the temperature is 
higher than that which can be obtained with saturated steam. It 
should also be kept clearly in mind that in order to derive benefit 
from the use of superheated steam and to actually obtain the higher 
temperature, a continuous flow' of steam through the apparatus must 
be maintained and that more than 90 per cent of the heat supplied 
to the apparatus will be rejected by it and discharge to the outlet 
pipe. 

To illustrate better the real relations existing between the tem- 
perature and pressure, also the small effect even with high super- 
heat, a diagram (Fig. 1) has been prepared. 

The Author : — In answer to Mr. Hobb*s contention, I distinctly 
pointed out in the paper that, if superheated steam is used in a 
jacketed kettle or a closed coil, where the condensation is taken off by 
means of a trap or vacuum system, the results will be found to be 
disappointing. Mr. Hobbs makes a statement which I fear he cannot 
prove. For instance, he speaks of "the increased heat losses due to 
greater pipe radiation, due to higher temperatures," when using 
superheated steam. Now it is a. fact that the radiation is less, 
although at a higher temperature with superheated steam than with 
saturated steam as measured in the total R.t.u. 
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No. 534 

STANDARD RULES FOR COMPUTING 
REQUIRED RADIATION 

Report of Rules and Regulations Committee of the National District Heating 

Association 

IT has been the desire of a great many members of the Associa- 
tion for the past few years to have the National District Heat- 
ing Association adopt a standard rule for figuring required 
steam and hot water radiation. There have been several papers on 
this subject presented before the Association in the past and as 
there was such a great number of rules used by the various member 
companies, some of which did not check within 50 to 75 per cent 
of each other, the adoption of a standard rule has been carried over 
from year to year by the Association with no action taken. 
• Two years ago when the Educational Committee decided to get 
up an Association handbook, it was suggested that they adopt a 
standard rule for figuring radiation which would be known as the 
National District Heating Association rule and make it a part of 
the handbook. 

The Educational Committee was so busy that year with other 
matters that very little work was done on the radiation formula, 
and when the new committee on rules and regulations was appointed 
last year, the formulating of a standard rule for figuring radiation 
was turned over to them. 

There have been numerous- drafts of a proposed rule submitted 
to the committee members in the past three months, and as there 
are fourteen members on the committee there has been a great deal 
of criticism and discussion, which resulted in a great many changes 
in and additions to the original draft. Some of the members 
were of the opinion that the scientific method was too complicated 
and that we should adopt a rule similar to rules Nos. 2 and 3. 
Other members were of the opinion that further additions should 
be made to the rule. As a result the rules which the committee are 
now submitting to the Association for their approval and adoption 
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Table 4 of rule No. 1, which gives the coefficients of heat trans- 
mission from the various types of radiation and pipe coils, is the 
latest addition to the proposed rules, and while they will probably 
not be used for general use, they are included for use by engineers 
who wish to go into complete detail in the design of heating systems. 
Suggested rules Nos. 2 and 3 are samples of simplified rules 
which can be computed from the data in rule No. 1 to fit any fixed 
local conditions. It is the desire of the members of the Rules and 
Regulations Committee in publishing the proposed rules in the Bul- 
letin to have all members of the Association become familiar with 
them before the convention in Jtme, at which time the formal adop- 
tion will be requested. 

Respectfully submitted, 

r H. R. Wetherell, 
Chairman, 
J. L. Hecht, 
A. C. Rogers, 

D. S. BOYDEN, 
W. A. WOLLS, 

J. H. Walker, 

E. L. Wilder, 

A. E. DURAM, 

F. C Ross, 
Thos. Donohue, 
J. D. Hoffman, 
N. H. Argabrite, 

J. C. HOBBS, 

D. L. Gaskill. 



Rules and Regulations Committee 
OF THE National District 
Heating Association 



Note — ^Mr. A. C. Rogers is the only member of 
the committee not approving the rules as they stand. 



RULES for determining SQUARE FEET OF RADIATION REQUIRED TO 

HEAT A BUILDING 

The following rule No. 1 is what is known as the B.t.u. rule for 
figuring radiation and can be applied to any condition of tempera- 
ture diflferences or any type of heating system, either steam or hot 
water. It is recommended for use to member companies, heating 
engineers, architects and heating contractors. 

Rules Nos. 2 and 3 are examples of rules which are known as 
simplified or short-cut methods for computing required radiation. 
They are made up from the factors in rule No. 1 and fit a certain 
type of building construction and temperature diflference. When 
circtunstances make it advisable, in the case of any particular heat- 
ing company, to have in use a simplified formula, a rule similar 
to rules Nos. 2 and 3 can be made up from the factors in rule 
No. 1 to fit local conditions, with an average type of building con- 
struction. 

Any room or space having an opening which may communicate 
with the rooms or space to be heated, whether radiation be installed 
or not in such rooms or space, must be considered in the measure- 
ments for space heated in either of the following ways, depending 
on the existing conditions : 
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1. If the tinheated space is an active room and has a door or 
other opening which opens into the adjoining heated space and such 
doors or openings are kft open the majority of the time, the entire 
space shc^dd be included in the measurements and sufficient radia- 
tion installed in the heated rooms. 

2. If the unheated space is an inactive room and the doors or 
other openings are to be closed the majority of the time, the space 
and exposures of the unheated room should not be included in the 
measurements, but the walls adjoining the unheated and heated 
space should be taken as exposed surface in the measurements for 
tilt heated room. Basements and attics, which are used for storage 
purposes only, should not be considered as space to be heated. 

Following are the three rules referred to above. 

RULE NO. 1 

Since the radiation in any room must emit sufficient heat to 
compensate for all heat losses from that room and since heat is 
transmitted by different building materials at different rates, it 
follows that : 

B.t.u. lost per hr. from room 

Radiation required = = 

B.t.u. emitted per sq. ft. of radiation per hr. 

H 



B.t.u. per hr. from radiation 

H 
R = 



X (Temperature difference between contents of radiator and room 
temperature) 

The value of X in the following computations is taken as 1.7 
B.tu., which is the coefficient of heat transmission from the type 
of radiation most generally used. See table 4 for coefficients for 
various types of radiation and pipe coils. 

Gravity straight steam systems having from 1 to 3 lb. pressure: 

H H H 

R = for steam at 3-Ib. gage = . Safe Value = 

1.7 (220-70) 255 250 

Vapor systems with individual traps on the return end of each 
radiation : 

H H 

R = for steam at atmospheric pressure = 

1.7 (212-70) 241 

H 

Safe Value = 

240 

Atmospheric systems with open return and excess radiation for 
cooling surface: 

^ H H 

"" 1.7 (212-70) -^ 1.20 " loo 

Hot water systems having an average of 170 deg. water : 

H H H 

R = = . Safe Value = 

1.7 (170-70) 170 165 
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Theoretically one B.t.u. will heat 55 cu. ft. of air one deg. fahr. 
Allowing for safety and simplicity in figuring, 50 cu. ft. is used, 
which makes the constant for one change 0.02 B.t.u. per degree 
difference in temperature. 

In computing required radiation for well constructed residences 
and office buildings, good practice allows one change of air per hour ; 
well constructed store buildings two air changes per hour. For 
buildings of loose construction and those employing some method 
of forced ventilation, more air changes per hour will be considered, 
depending upon the existing conditions of building and ventilating 
system. 

Table 1 shows the B.t.u. required to heat 1 cu. ft. of space at 
various temperatures and air changes. 

Table 2 shows the B.t.u. losses per hour through 1 sq. ft. of 
various building materials with varymg temperature differences. 

Table 3 shows the percentage by which the B.t.u. loss obtained 
from table 2 will be increased when the exposure is other than 
southern. 

To compute the radiation required in any room : 

First — Compute the B.t.u. required to heat the air in the room 
by multiplying the cubical contents by the proper factor. 

Second— Compute the B.t.u. lost through the doors and windows 
by multiplying their area by the proper factor. 

Third — Compute the B.t.u. lost through the walls, floor and 
ceilings in the same manner. 

For steam radiation (1 to 3 lb. pressure) — Divide the sum of 
these results by 250 and the quotient is the number of square feet 
of straight steam radiation required. 

For vapor radiation (with radiator traps) — Divide the sum of 
these results by 240 and the quotient is the number of square feet 
of vapor radiation required. 

For atmospheric radiation (with extra cooling surface) — Divide 
the sum of these results by 200 and the quotient is the number of 
square feet of atmospheric radiation required. 

For hot water radiation (water at 170 deg. fahr.) — Divide the 
sum of these results by 165 and the quotient is the number of 
square feet of hot water radiation required. 

RULE NO. 2 

Rule No. 2 is to be used for computing the required steam radia- 
tion for a building, assuming a temperature of 70 deg. inside with 
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RULE NO. 3 

Rule No. 3 can be used for computing required hot water radia- 
tion for a building, assuming a temperature of 70 deg. inside with 
an outdoor temperature at zero, with 13-in. brick walls or average 
frame construction. Windows, single glass, set tight, and assuming 
one and one-half changes of air per hour in the building. 

R = 0.0\3C + O.UW + 0,S3G. 
Where ^ • . 

/? = Required hot water radiation with average temperature of water in 

system of 170 deg. fahr. 
C = Cubic feet of space to be heated. 
IV = Square feet of exposed wall surface. 
G = Square feet of exposed glass surface. 
Note. — No allowance made for extreme exposures. 

TABLE 1. B.T.U. REQUIRED TO HEAT 1 CU. FT. OF SPACE: 



No. Air B.tu. 1 ° Di fference in Temper atu re Between Rooms and Outside : 



Change! 


5 Difference 


50^ 


60^ 


70° 


80*> 


85? 


90^ 


^ 


0.01 


0.50 


0.60 


0.70 


0.80 


0.85 


0.90 


% 


0.015 


0.75 


0.90 


1.05 


1.20 


1.27 


1.35 


1 


0.02 


1.00 


1.20 


1.40 


1.60 


1.70 


1.80 


1^ 


0.03 


1.50 


1.80 


2.10 


2.40 


2.55 


2.70 


2 


0.04 


2.00 


2.40 


2.80 


3.20 


3.40 


3.60 


•3 


0.06 


3.00 


3.60 


4.20 


4.80 


5.10 


5.40 


4 


0.08 


4.00 


4.80 


5.60 


6.40 


6.80 


7.20 



TABLE 2. B.T.U. LOSSES PER HOUR THROUGH 1 SQ. FT. OF 
VARIOUS BUILDING MATERIALS : 



B. T. U. Difference in Temperature Between 

Difference Room and Outside 

K 50© 60© 70O 80O 85© PO" 

Wmdows, sinffle glass, full sash area 1.25 62 75- 87 100 106 112 

Windows, doiible glass, full sash area 0.60 30 36 42 48 51 54 

Plate Glass 1.00 SO 60 70 80 85 90 

Skylight, single glass, full sash area 1.10 55 66 77 88 94 99 

Skylight, double glass, full sash area 0.60 30 36 42 48 51 54 

Wooden door, 1 in 0.40 20 24 28 32 34 36 

Wooden door, 2 in 0.36 18 22 25 29 31 32 

Brick wall, 8% in. plain 0.37 18 22 26 30 32 33 

Brick wall. 13 iry. plain 0.29 14 17 20 23 25 26 

Brick wall, 17% in. plain 0.24 12 14 17 19 21 22 

Brick wall, 22 in. plain 0.21 10 13 15 17 18 19 

Brick wall, 27 in. plain 0.19 9 11 13 15 16 17 

Brick wall, furred and plastered, use .7 times 

non-furred. 

Stone wall, use l.S times brick wall. , _,. 
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9 


10 


12 


14 


14 


15 


17 


21 


25 


28 


30 


32 


31 


37 


43 


50 


53 


56 


13 


15 


18 


20 


21 


22 


17 


21 


25 


28 


30 


32 


23 


27 


32 


36 


38 


41 


13 


16 


18 


21 


22 


23 
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Wooden beams planked orer, as flooring 0.17 

Wooden beams olanked oTer, as ceiling 0.35 

Lath and plaster cdling, no floor aboTc 0.62 

Lath and plaster ceiling, floor aboTe 0.25 

Steel ceiling, with floor above 0.35 

Single % in. floor, no plaster beneath 0.45 

Single % in. floor, plaster beneath 0.26 

PERCENTAGE OF INCREASED RADIATION DUE TO IHGH CEILINGS 

Rooms 12 to 14^ ft. from floor to ceiling 3 per cent 

Rooms 14^ to 18 ft. from floor to ceiling 6 per cent 

Rooms 18 ft and above from floor to edging 10 per cent 

TABLE 3. PERCENTAGE BY WHICH HEAT LOSSES IN TABLE 2 
ARE INCREASED FOR OTHER EXPOSURES: 

Heat Loss Is 
Location Increased Per Cent 

N. E. or N. W. rooms 10-15 

E. or W. rooms 5-10 

TABLE 4. VALUE OF X, COEFFICIENT OF HEAT TRANSMISSION 
FROM RADIATORS : 

Height of Radiators, One- Two- Three- Four- 
Inches Coltmin Column Column Column 
20 1.93 1.85 1.75 1.64 
23 1.89 1,80 1.70 1.59 
26 1.86 1.76 1.66 1.56 
32 1.79 1.69 1.59 1.49 
38 1.74 1.65 1.55 1.45 
45 .... 1.60 1.50 1.40 

B.tu. Per Sq. Ft Per Hour 
WALL COIL: Per Deg. Dif. in Temperature 

Heating surface 5 sq. ft, long side vertical 1 .92 

Heating surface 5 sq. ft, long side horizontal 2.11 

Heating surface 7 sq. ft, long side vertical 1 .70 

Heating surface 7 sq. ft, long side horizontal 1 .92 

Heating surface 9 sq. ft, long side vertical 1 .77 

Heating surface 9 sq. ft, long side horizontal 1.98 

PIPE COIL: 

Single horizontal pipe 2.65 

Single vertical pipe 2.55 

Pipe coil 4 pipes high 2.48 

Pipe coil 6 pipes high 2.30 

Pipe coil 9 oioes high 2. 12 

DISCUSSION 

H. R. Wetherell^: — ^The committee started out to draw up a 
standard set of rules and regulations and included in these regu- 
lations the formulae for figuring radiation. The conmiittee has 14 
members, located all over the country and, as it is almost impossible 
to get a committee of that size together, most of the work was 
carried on by correspondence. However, we had a joint session of 
some of the members of the Executive Committee last spring in 
Pittsburgh. Six members of the Executive Committee are members 
of this Regulations Committee, so eight of us got together 

^Chairman of the Rules and Regulations Committee of the National District 
Heating Association. 



Digitized by 



Google 



Discussion on Rules for Computing Radiation 391 

here in Pittsburgh and discussed the question. The opinions of the 
members were so divided on the rules and regulations part of the 
report that it was decided to pass that up for the present and to 
present a standard rule for figuring radiation for the approval of 
the association at this convention. 

It has previously been stated that the association wanted a standard 
rule which would meet a certain fixed condition. I do not know 
how the association stands as a whole on that, but the committee 
is divided. In fact, the majority of the committee wants a formula 
which is flexible enough to meet any condition, while a few of the 
members of the committee think that a standard or short-cut method 
which could be applied to one fixed condition should be adopted. 

In the report, therefore, the so-called B.t.u, formula or the method 
that can meet any type of system is suggested as rule No. 1. Two 
rules, Nos. 2 and 3, are suggested as simplified formulae which 
could be drawn up from the factors used in rule No. 1 to meet any. 
fixed conditions for any certain locality or temperature conditions. 

It will be noted that, in the report, there are factors computed 
for different types of systems, one for the so-called straight gravity 
system or ordinary two-pipe gravity system. The next one is for a 
vapor system using traps on the return end of the radiators, where 
the entire surface of the radiators is to be used. The third is for 
computing radiation for the atmospheric system, which has an open 
return to the atmosphere, where it is necessary to maintain 4 or 6 in. 
of the bottom of the radiators for cooling surface or condenser. 
And the last is a factor for computing hot-water radiation for hot- 
water district heating systems with an average temperature of 170 
deg. 

The last addition to the report, Table 4, is the coefficient of heat 
transmission from various types of radiators and pipe coils. It was 
thought that this would probably not be used very often by district 
heating companies in computing the radiation for general use, but 
that it would be of use to heating engineers wishing to compute 
data from an engineering standpoint for the general heating systems. 

Geo. W. Martin*: — I suggest that you explain to the members 
the use that this formula bears to the charges which your company 
makes for service. I think that will explain a little more fully 
just the need for some such formula. 
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50 to 75 different formulae that do not check within 50 to 75 per 
cent of each other on actual results. 

Replying to Mr. Martin, I will state that on the old flat rate 
basis, which most steam companies are now getting away from — 
the hot water companies of course still have to continue on that 
basis — the charges were based on the cost per square foot of radia- 
tion. It is well known to men in that business and the engineers 
of the Public Utilities Commission are also coming to see that the 
rate should not be based on connected radiation but on required 
radiation. In a great many cases, especially of old installations, 
where a company has paid no attention to the inside piping, the 
radiation is over-set or under-set from what it should be. The radia- 
tion in a building should be in proportion to the heat loss and the 
charge should therefore be in proportion to the heat loss of the build- 
ing, not to the radiation connected in the building, without regard 
to whether it is right or wrong. In our companies we have, except 
in the hot-water system, eliminated all the flat rates on steam, 
but in three different cases, in establishing new meter rates, instead 
of going on the straight condensation rate we have gone on what 
we call a two-factor rate, where the fixed charge is based on the 
required radiation: the consumption charge is based on the con- 
densation used. By so doing the customer is protected and dis- 
crimination avoided. For instance, a church or schoolhouse or some 
business may use steam only 4, 6 or 8 hr. a day but may have a 
connected load of 10,000 ft. of radiation. It thus requires just as 
much investment of the company in both underground mains and 
investment of station to take care of this customer on the peak 
load — he must be just as well taken care of as another customer 
having 10,000 ft. of radiation and using steam 24 hr. a day. In 
this form of rate the customer using 24 hr. a day automatically 
earns a lower rate per thousand pounds than the customer using it 
just a few hours a day. 

D. S. BoYDEN : — I would like to supplement Mr. Wethereirs re- 
marks as to what has prompted this Society to reach so quickly 
this rule. A few of us know that this matter has been under 
discussion in the American Society of Heating and Ventilat- 
ing Engineers for a great many years, and they have not, I 
understand, up to the present time been ready to adopt a standard. 
But during the past two years there has been a great amount of 
rate increasing and unrest amongst our companies and commissions 
have been interpreting the steam rates of the various companies 
and have appealed to the Bureau of Standards for an equitable rule 
for computing the minimum or the theoretical set radiation. If we 
were able to present to the Bureau a satisfactory rule we would' at 
least have a uniform rule rather than arbitrary standards in vari- 
ous states. So I trust that the discussion on this subject will be 
constructive, to the end of improving our report for this purpose, 
rather than to destroy it. The rule was not designed for the 
purpose of computing radiation for new installations. 
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H. M. Hart: — There is one point that I would like to see the 
committee go further into and that is the question of air change. 
It is easy enough to figure the heat required for a definite air change, 
but it is rather difficult to estimate what the air change is going to 
be, and something along that line would be desirable. Even though 
it may not be quite correct, I think that there should be a uniform 
air change figured out for similar types of buildings. For instance, 
for office buildings we might safely assume a certain air change; 
for industrial buildings we might also assume a certain air change. 

I bring out this point for this reason : I am on the standardization 
committee of the Chicago Master Steam Fitters Association which 
has adopted standards for figuring heat loss. We adopted a stand- 
ard air change and found that we got into all kinds of trouble, 
because there would be a factory building or warehouse building 
with a large cubic content and small exposure on one hand and on 
the other hand a corner office with a great deal of exposure and small 
cubic content. I am frank to admit that we are up in the air; 
we don't know what to do. We tried to keep those standards very 
simple, so that the ordinary layman could utilize them. The air 
change is something that I would like to have some information on, 
if there is any to be had. 

Mr. Schrodt^ : — As you all know, the Bureau of Standards has 
been more or less engaged in work along this line, and while the 
rule that the Bureau has formulated is not perfect by any means, 
it is of the same type as the one submitted. 

It embraces a few other things than those shown in this paper. 
For instance, it gives a little table of air changes, the general classed 
of service for which one would consider proper air changes ; a table 
that would cover a wider range than this paragraph on page 
387, which is confined to stores and residences and one or two 
others. Also some of the B.t.u. factors in Table No. 2 could be 
revised, possibly based on experimental data or on average values 
submitted by various authorities. Also the temperature lowering 
effect of wind, average winter wind, should be considered in the 
heat loss of buildings. 

The proposed rule of the Bureau takes into account the location 
of radiation, whether or not this radiation applies as direct radiation 
or recessed or indirect — this would make the rule more complete; 
also whether the radiation is painted — ordinarily the radiation is 
installed black and some paint put on the surface. 

The circular that the Bureau is working on is, in a way, the 
outcome of a year's work with the Public Service Commission of 
Indiana which invited the Bureau to cooperate with them in pre- 
paring rules for central station hot-water heating. The Bureau had 
a representative out in some of the central states who gathered 
considerable information and attended the hearing of the Indiana 
Commission in August, at the time the rules were adopted. Since 
that time the Bureau has continued work on this circular, which 
it is proposed to publish as soon as it has been properly submitted 
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to all the various committees on standards. It is very similar in 
scope and breadth to the circular on electric service and the circular 
on gas service issued by the Bureau. The Bureau will deem it a 
very great favor to receive any comments or criticisms on the circular 
from any of you. 

E. R. Little: — In this Table No. 2, where the value of if is 
determined for windows, I wonder if it would not be worthy of 
consideration to put in a value of K for weatherstripped windows as 
well as for just ordinary windows. That might have some bearing 
upon the difference between the computed air change and the actual 
air change secured. 

W. H. Driscoll: — ^While the gentleman was making the report, 
I made a rough calculation, taking into account certain conditions 
which are not impossible, but are conditions which we might have 
to meet in the ordinary run of business. Here is a building 200 
by 200 ft. on the northwest comer and a similar building on the 
next block 400 by 100 ft. According to the calculations I have 
made, for the building 200 by 200 ft. using the formula given here 
it would require 2,885 sq. ft. of radiation. In making this calcu- 
lation I have used as a basis single thickness glass, 13 in. walls 
furred, one air change per hour, and a difference of 70 deg. 
between inside and outside temperature. I have assumed the glass 
surface to be 25 per cent of the total exposed wall. For the 
building 400 by 100 we would need 2,756 sq. ft. of radiation, 
making about 125 sq. ft. difference between the two buildings. 

There is no question that these results are incorrect — ^they do not 
balance. For a building that has a 400 ft. frontage, exposed to the 
wind, the heat loss due to leakage is certainly going to be greater 
than if it has only 200 ft. exposed to the wind and the loss due to 
leakage is so great, as compared to the loss through walls and win- 
dows, as to make the latter quantities almost negligible. This report 
and this method of figuring radiation may meet all the requirements 
of the National District Heating Association, but I think we would 
be making a serious mistake if we were to agree with it publicly. 

I think the first job Dean Allen should tackle is to find out and 
tell us how to figure radiation, and how to determine heat losses 
and to establish standards. We must first establish a certain definite 
loss through glass, a certain definite loss through various types 
of construction, and a certain definite leakage through the window 
perimeter, and all of these losses must be based on certain definite 
wind pressures with factors fixed to cover varying wind intensities. 
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H. R. Wetherell : — The answer to Mr. Hart's question about air 
changes is on page 388 of the report. I understand it is very hard 
to set down a definite standard as to how many air changes should 
be figured for different types of buildings, it all depends entirely 
on the use for which the building is constructed and (m the judg- 
ment of the man who measures the building. I do not believe a 
report could be made so detailed that the judgment of the engineer 
would not have to come into it to some extent. In formulating 
this rule, however, it has been the effort to eliminate the necessity 
for judgment on the part of the engineer as much as possible and 
still not come to standards which absolutely could not be made. 
However, in the second paragraph on page 388 it says : "In computing 
required radiation for well constructed residences and office build- 
ings, good practice allows one change of air per hour; well con- 
structed store buildings, two changes per hour. For buildings of 
loose construction and those employing some method of forced venti- 
lation, more changes per hour will be considered, depending upon 
the existing conditions of the building and ventilating system." 

I might state that I represent a company which operates ten dif- 
ferent heating companies in the four states of Indiana, Ohio, Illinois 
and Michigan. When I was put in charge of these properties about 
four and a half years ago I found that each one of the companies 
was using a different rule for figuring radiation. They were all 
what are called short-cut rules or rule-of-thumb methods. The 
company with which I was previously connected had used a so- 
called rule, and with what might be called, luck, in estimating build- 
ings, obtained very satisfactory results. The rule* used was as fol- 
lows : Multiply content by 0.0026, the wall by 0.08 and the glass by 
0.42; adding the three results gives the total radiation. That 
formula worked very well until the modem systems of heating came 
into vogue. In other words, as long as the old one-pipe gravity 
type with no reducing valves in the main and with the radiation 
formula based on 1 lb. pressure steam, the buildings nearer the 
station were getting anywhere from 1 lb. to 10 or 15 lb., depending 
upon the pressure carried at the station. The buildings were getting 
higher temperature steam and therefore got by nicely. But the 
minute vapor or atmospheric systems were installed, where the pres- 
sure was reduced at the main valve to 3 or 4 oz., we found there 
was not enough radiation in the buildings. Then is when we used 
the so-called B.t.u. method, a type of formula very similar to this, 
although the actual factors for building materials were different. 
We have been following that rule four and a half years with good 
success. We figure 70 deg. to 10 deg. below zero in all the towns 
except Evansville, Indiana, where we figure 70 deg. to zero. 

Mr. Schrodt asked a question about the factors in Table 2. Pro- 
fessor Hoffman happened to be a member of this committee and 
he was asked to suggest these factors. After he suggested them a 
copy was sent to Professor Willard, of the University of Illinois, 
and to Professor Allen. They both criticised the glass factors, 
which were afterwards raised. The original figure for the value 
of K was 1, instead of 1.25. While I cannot say that Professor 
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Allen and Professor Willard have absolutely approved this, they 
at least made their criticism on the original factor suggested by 
Professor Hoffman, and those criticisms were taken into account 
and the changes made. 

In regard to Mr. Schrodt's question in reference to the wind. 
Table 3, of course, gives the percentage to be added for exposures 
other than southern, which takes into account the effect of the 
wind to a certain extent. 

Answering Mr. Little's question, some formulae or rules for 
figuring the radiation, making tables similar to Table 2, include tight 
and loose windows. I do not agree with that method. I feel that 
in figuring the glass the square feet of glass surface should be 
figured, and if that window is loose it comes under the air changes 
and not the glass factors. The leakage around windows should also 
be included in the air changes, not in the glass. 

Weatherstriped windows are not often found in district heated 
buildings. The factors are intended for tight windows and well 
constructed buildings contain tight windows. In our company we 
generally make an extra allowance for the weatherstriped window-. 

Referring to the last gentleman's remarks in regard to published 
rules and the advisability of publishing this one, I do not think it 
would be an innovation to publish this rule. In fact, there are any 
number of rules of this very type, although probably not using the 
same factor, that are being published at the present time. There- 
is a rule which I think is referred to as the National District Heat- 
ing Rule, although it has never been approved by the National 
District Heating Association. The only rule I know of that could 
be called a National District rule is a rule Professor Veale, for- 
merly with Purdue University, drew up at one time, and which 
was published in the bulletin of the District Heating Association. 
The American District Steam Company published a rule very similar 
to this in a book given out with reference to their particular system, 
and there are ten or a dozen different rules of this type that have 
been published. 

In regard to figuring the two buildings, I believe that if a man 
went into those buildings and actually figured them and if there 
was a 400 ft. exposure to the north and he figured the glass ex- 
posure on that side according to his judgment and air changes, that 
the final figures would probably show more radiation, a greater 
difference in the true radiation than given here. The north ex- 
posure factor would take care of the wind, leakage around the 
windows, etc. 
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No. 535 

CRACKING OF CAST-IRON SECTIONAL HOT 
WATER BOILERS 

By Charles R. Honiball, Liverpool. England 
Member 

THE primary object of this paper is to promote a frank dis- 
cussion on a few practical matters connected with the design, 
construction, deterioration, and working of plant comprising 
the boiler-house section of "gravity" and "accelerated" hot water 
heating installations, and in particular of those operated by cast- 
iron sectional boilers. 

Of the repairs necessary from time to time to maintain heating 
installations in efficient working order, those requiring the renewal 
of defective boiler sections, are the most important. Though the 
percentage of such breakdowns is relatively small as compared 
with the number of boilers in operation, they are sufficiently numer- 
ous to warrant an investigation of the causes which tend to their 
development. In pre-war days, replacements could be obtained 
quickly and repairs carried out with a minimum of inconvenience 
and expense. During the war, when the machinery and plant of 
practically every boiler manufacturer was requisitioned for war 
service requirements, replacements were often unobtainable, par- 
ticularly for private work. As a result of this, engineers were 
compelled to direct their efforts to temporary repairing by patch- 
ing, welding, etc. But often owing to the nature and position of 
the fracture, repairs were unsuccessful or impracticable. In some 
instances of fractured back and front sections, it was possible to 
blank off the sections with dummy nipples ; in others, the defective 
sections were removed and the remaining sections closed together, 
the installation then being worked under reduced boiler power. 
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SO frequently in normal times. Further to meet war service require- 
mma^ «fe4 aai4 BfiK installations have been operated to the utmost 
o{, and often beyomF, AefiHite oi their capacity, producing exces- 
sive working loads, which set up aCtilaju aond strams far in excess 
of those calculated upon during their design. That kceakdowns 
occurred under such circumstances is not surprising, but Ae fatt 
effect of these abnormal conditions will not b^ome manifest untiF 
later on. The experience gained, however, is invaluable and if 
correctly applied will lead to further improvements and develop- 
ments. 

Many cases of breakdown have come imder my personal observa- 
tion^ and particulars of man^ more received from outside sources. 
It is not my intention to give details of these cases, except in a 
general way, for no useful purpose would be achieved thereby. 
Members by reason of their experience^are familiar with the gen- 
eral facts of sudr, and have already arrived at certain conclusions 
in reference to them. Therefore, our primary object should be, 
to concentrate the whole of our experience and knowledge to deter- 
mine the causes which tend to the development of leakage or frac- 
ture in heating boilers, and the consideration of practical methods 
to be adopted to prevent or minimize the risk of their occurrence 
in the future. 

Cast-iron section hot-water boilers of today, are of excellent 
manufacture, carefully constructed and designed for the important 
functions they perform in the completed heating installation. All 
engineers fully appreciate the difficulties incidental to the produc- 
tion of sound castings, such as boiler sections, which must be 
capable of resisting, not only the stresses induct in the material 
by fluid pressure in their water-ways, but also those induced by 
the varying degree of heat intensity on the outside, and in addi- 
tion, those imposed by expansive and contractive effects of the 
connecting pipes and fittings, etc. With a material like cast iron, 
which is relatively weak in tension as compared with wrought 
iron or steel, the manufacturer has constantly to exercise great 
skill, judgment and experience in such points as the following: 
(a) Qireful selection of his material; (b) design of the casting 
with broad rounded surfaces, well rounded edges and filleted hol- 
lows; (c) arrangement of the water-way members to ensure rea- 
sonable flexibility and avoid the induction of local contractive 
stresses at junctions, etc. ; (d) suitable proportioning of the thick- 
ness of metal to safely withstand the total working load, and to 
provide for deterioration or excessive wear, maintain uniformity in 
thickness as far as possible with avoidance of sharp change in 
section when same is necessary; (e) precautions to ensure freedom 
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The iortgqing precautions if reasonably carried out should tend 
to the production of sound boiler sections. There is of course, 
the possibility of hidden blow and sand holes, spongy sgofm^ 
prejudicial local stresses in the waterway memberSy. etc:, wfnch 
inspection and testing by hydraulic pressure at tte works do not 
always reveal, and which only become iMmifest after the boUer 
has been installed and is in operation. I^peaking generally, the opinion 
is that breakdowns are not doe to faulty design or construction of 
the boiler, and that we can reasonably assume the manufacturer 
has carried out hit part of the work satisfactorily, and any failures 
which may ultimately occur, other than those due to the causes 
named, are mainly due to causes beyond his control. 

It will be conceded that accumulation of deposit or scale in the 
water-ways of boiler sections, particularly mose over the fire, 
tends to overheating, but the possibility of overheating occurring 
when the water-ways are clean, is not so generally known or under- 
stood. The great heat absorbing property of water is well known, 
and also the fact that clean surfaces entirely covered by water 
cannot be overheated. It is, therefore, logical to assume, that 
overheating of clean metallic surfaces is only possible when they 
are separated from a layer of water by a layer of air or steam. 
Evidence is available which conclusively proves that overheating has 
taken place in hot-water heating boilers. 

A careful consideration of the data and particulars of two specific 
cases of fracture, and the general conclusions arrived at after a 
full investigation, will assist to illustrate this point. Under head- 
ings A and B are brief statements of the reports : — 

A. This plant comprises two cast-iron sectional hot-water heat- 
ing boilers, each rated for 7,750 sq. ft. of radiation. The building 
warmed is of large size and the piping is divided roughly into 
two portions. In one half of the building the heating is effected 
by means of the overhead or "drop" system, whilst in the other 
half of the building the two-pipe system is adopted. The two sys- 
tems are accelerated by an electrically driven centrifugal pump. 
On the two-pipe system there were no vent pipes whatever, but 
on the drop system two ^ in. vent pipes are situated at high level. 
No steam escape pipes were fitted on the boilers and the usual by- 
pass arrangement was fitted in the pimip piping layout. In the 
case of one of the boilers, three sections failed and one in the other. 

On investigating the causes, it was shown that the cracking in 
each case took place about the centre of the water-bridge immedi- 
ately over the fire. An accumulation of deposit was noted in these 
with evidence of overheating. It was also ascertained that in 
cleaning fires, an operation which occupied about an hour, the 
accelerator was stopped and afterwards suddenly started, but the 
by-pass valve was opened when pump was stopped. 

In view of the foregoing we were inclined to think that as there 
was practically no movement in the system due to gravity, imme- 
diately the accelerator was stopped the temperature of the water 
in the boiler would rise, which fact is clearly shown by the tem- 
perature charts, a rapid rise of 50 deg. being recorded. It is also 
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probable that steam would be formed at a pressure due to the head 
of water, this being equivalent to about 35 lb. per sq. in. The 
stoppage of circulation combined with deposit in the water bridge 
would bring about local overheating and on the pump being sud- 
denly started after standing about an hour, comparatively cold 
water would be forced into the boilers, which coming into contact 
with the overheated parts would set up severe contractive stresses 
and bring about the fracturing of the sections. 

B. The plant in this case comprised five large sectional boilers 
working on the accelerated system. No escape pipes were fitted 
on the boilers. Fracturing of the sections developed in two of 
the boilers and the result of investigation tended to show that the 
cracking took place after the accelerator had been stopped. It was 
further shown that steam was noted to issue from vent pipes fitted 
on the main flow in the event of the accelerator being stopped. 
These vent pipes were fitted following the failure of the sections 
and instead of fitting vent-pipes direct to the boilers. 

In order to ascertain whether accumulation of deposit was a 
contributory cause to the failure of the sections, several of these 
were broken up and in each case the sections were found clean on 
the water side. 

The general results of the investigations tend to broad conclu- 
sions as to what is necessary to avoid cracking, such as easy and 
equable working, avoidance of air locks or steam formation, con- 
tinuous circulation and avoidance of deposit. Forced circulation is, 
of course, very useful in many cases, but the appliances used for 
forcing the circulation sometimes stop and then the question arises 
as to the sequence of working conditions resulting from this stop- 
page. Our general conclusion is that we prefer from the point 
of view of the risk of cracking, natural circulation, but where 
forced circulation is adopted, a duplicate or stand-by circulator 
should be fitted, and when cleaning fires, the pump should be kept 
in continuous operation. And in large systems where steam is liable 
to be developed in the boiler, a steam escape pipe should be fitted. 

The general results of the investigations of these two cases and 
the broad conclusions deduced therefrom, are of great importance, 
as they offer a reasonable explanation of the probable cause of 
breakdown in boilers of "gravity" and "accelerated" systems. Past 
experience furnishes many instances of working conditions which 
tend to the formation of steam in the apparatus, such as for in- 
stance, "boiling," due to forced and excessive firing, causing the 
violent ejection of steam and water from expansion and air pipes ; 
overflow of water from expansion tank by "backing-up" the feed 
pipe, etc., closing down valves or otherwise retarding circulation, 
shutting down radiation, etc., the boiler fire in the meanwhile being 
maintained at full strength with damper wide open. Instances are 
recorded of attendants who after fully charging the boiler with 
fuel for the night, omitted to shut down the damper, and often 
also closed down valves and circulations. When we remember that 
heating boilers are provided with large fuel capacity to enable the 
apparatus to run for many hours on one charge of fuel, we can 
readily conceive the state of affairs some hours later under these 
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circumstances, and the prejudicial straining set up in consequence. 
Assuming conditions such as these to occur on many occasions, even 
though of short duration, it is logical to deduce that deterioration 
will gradually develop by the induction of local contractive stresses, 
until the time arrives when the limit of strength is reached and the 
boiler fails by leakage or fracture. 

To ensure an equal distribution of return. water to the inlets of 
each water-way and a uniform rise of temperature, from that of the 
return inlet to that of the flow outlet, on its passage through each 
section, though desirable, is probably difficult of attainment in prac- 
tice. There are many controlling factors. For example, variation 
in the rate of heat transmission occurs at different parts of the 
surface of individual sections and in the total heat transmission of 
each section when compared one with the other, according to the 
relative proportion of surface exposed to radiation and conduction 
of the burning fuel in the firebox or gases in the flue passages. With 
possible variation of heat intensity, it is reasonable to assume, that 
different water velocities are set up in the sections, influenced also, 
by short-circuiting, relative position of the flow and return branches, 
water-way area of connecting nipples, and varying velocity of the 
entering water of "gravity" and * 'accelerated" systems, etc. It is 
also possible that the combined effect of heat intensity, water 
velocity, short-circuiting, etc., will develop in favorably situated 
sections, causes which tend to retard the circulation in sections not 
so favorably situated, setting up in the latter conditions which tend 
to promote steam generation and cavitation, which if maintained, 
or accelerated by forced or excessive firing, for a sufficient period 
of time, result in local overheating and consequent failure. 

To what degree the circulating condition in a boiler is influenced 
by the relative position of the flow and return branches, and water- 
way area of the connecting nipples and sections, is interesting from 
the fact that diversity of arrangement exists in practice. In some 
installations we note the return branches are fitted at the front 
end of the boiler and the flows on the back sections; in others, 
the reverse order is observed ; while in others the flow and return 
are fitted on the same section, and these arranged in some inter- 
mediate position relative to the front and back of the boiler. I 
am not aware that this phase of the question has been discussed 
in this Society or in the technical press, and it appears to be 
worthy of the consideration of designers and engineers. It is prob- 
able that members and makers have records and particulars of 
boiler tests covering these points, which if collected and recorded 
in our Transactions would be of very great importance and value 
to the profession generally. 

If then the formation of steam in the boiler be accepted as one 
of the contributory factors which lead to breakdown by fracture, 
the obvious remedy is to fit an escape steam pipe to every hot- 
water heating boiler. In any recommendation such a pipe might 
be defined to be: "A clear direct pipe of such size as will admit 
of the free escape of steam as it is generated." The determination 
of suitable sizes requires consideration, and should be based on the 
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heating power of the boiler. It is probable also, if the pipe is of 
small diameter, say, ^ in. bore, that the bubbles of steam would not 
freely escape through the water, but that the water would be forced 
before the steam like a piston. Hence it would appear to be 
advisable to decide a minimtun size for low rated boilers. 

With reference to the point of ccmnection of escape steam pipe 
to each boiler, this requires consideration and may probably be 
influenced by tiie relative position of the flow and rettun branches. 
The pipe should .be arranged with sufficient "rise" to ensure free 
discharge of steam, and t^ protected from effects of frost where 
necessary. The situation of the discharge end requires considera- 
tion, possibly a dish round the end of the pipe would be useful 
so that when the steam has escaped any water blown off will run 
back into the pipe or into the feed tank. 

The following formula based on the heating power of the boiler 
will be useful as a basis for determining suitable sizes of steam 
escape pipes : 

BORE IN INCHES = \ BJm, X .00001 X C 

where B.t.u. represents the maximmn heating power of the halt- 
ing boiler in British thermal units per hour, and C, a constant which 
may be varied to suit circumstances. 

Table 1 gives diameters of orifice calculated from this formula 
for boiler powers ranging from 100,000 B.t.u. to 2,000,000 B.t.u. per 
hour, and for varying values of C ranging from unity to 0'5. 

In determining sizes for a battery of two or more boilers, the 
flows of which are fitted with stop valves, it would then be neces- 
sary to fit a pipe to each boiler, and connect these to one common 
erfiaust pipe leading above water level of the system. In this case, 
the pipe for each boiler will be calculated from its B.t,u. rating, 
and that of the common exhaust pipe from the combined B.t.u. 
rating of all the boilers. For example, suppose there are two 
boilers in battery, each rated 800,000 B.t.u. per hour, or a total of 
1,600,000 B.t.u., the pipes on each boiler will be 2 in. diameter, 
and the common exhaust 2>4 in. diameter. Or if four boilers, each 
400,000 B.t.u. rating, then the pipe on each boiler would be 1J4 in. 
and the common exhaust 2J4 in. In the case where all the flows 
pass direct into a common collecting chamber, there being no stop 
valves on the flow branches, one escape pipe calculated from the 
total rating would probably be adopted. 

In determining contributory cause of fracture at nipple bosses, 
investigation often shows they are due to want of care when 
assembling the sections. In a recorded case, several sections frac- 
tured after a few months working, and what is perhaps unusual, 
many of the nipples fractured right through circumferentially. 
Inquiry brought to light the fact that the workman when assembling 
the sections, increased the leverage of his spanner to about 3 ft., 
and screwed up the connecting^ bolts very tightly. It is not sur- 
prising, therefore, that the boiler broke down. Makers issue very 
explicit instructions as to the care which must be taken during 
erection, and I think all members will agree that if these are rea- 



Digitized by 



Google 



Cracking of Cast Iron Boilers. C. R. Honiball 403 

sonably carried out, break-down due to this cause will be unknown. 
Fractures of this character are sometimes attributed to the slow 
degree of nipple taper ; though this may be possible in such cases as 
recorded above, it cannot possibly occur if reasonable care is exer- 
cised. All will agree that the present system of connecting boiler 
sections together by plain cast-iron taper nipples is satisfactory in 
every respect. It is an ideal joint, simple, easy to connect or discon- 
nect, metallic, and perfectly fluid-tight under a minimum end-seatine 
pressure. I feel sure the taper adopted is the result of years of 
experience and experiment, and no valid reason exists for change of 
taper. Fracture in the vicinity of nipple bosses occurring after 
years of service, are not so simply explained. Probably they are 
due to a combination of circumstances caused by occasional abnormal 



TABLE 1. ST 


EAM 


ESCAPE PIPES EOF 
BOILERS 


L HOT-W/ 


ITER H] 


EATING 


Boiler Power 


Bore of Pipe in inches, with values of 


"C" given 


below 


in B.tu. 














per Hour C = 


= 1.00 


0.90 


0.80 


0.70 


0.60 


0.50 


100.000 


1.00 


090 


0.80 


0.70 


0.60 


0.50 


200,000 


126 


1.09 


1.01 


0.88 


0.76 


0.63 


300,000 


1.44 


1.30 


1.15 


1.01 


0.87 


0.72 


400,000 


1.59 


1.43 


1.27 


1.11 


0.95 


0.80 


500,000 


1.71 


1.54 


1.37 


1.20 


1.03 


0.85 


600,000 


1.82 


1.64 


1.45 


1.27 


1.09 


0.91 


700,000 


1.91 


1.72 


1.54 


1.34 


1.15 


0.95 


800,000 


2.00 


1.80 


1.60 


1.40 


1.20 


1.00 


900,000 


2.07 


1.86 


1.66 


1.45 


124 


1.04 


1,000,000 


2.15 


1.94 


1.72 


1.51 


1.29 


1.08 


1,100,000 


2.22 


2.00 


1.78 


1.56 


1.33 


1.11 


1,200,000 


2.28 


2.05 


1.83 


1.60 


1.37 


1.14 


1,300,000 


2.35 


2.12 


1.88 


1.65 


1.41 


1.18 


1,400,000 


2.41 


2.17 


1.93 


1.69 


1.45 


\2\ 


1,500,000 


2.47 


2.22 


1.97 


1.73 


1.48 


\2A 


1,600,000 


2.52 


227 


2.02 


1.76 


1.51 


126 


1,700,000 


2.57 


2.32 


2.06 


1.80 


1.54 


129 


1,800,000 


2.62 


2.36 


2.10 


1.83 


1.57 


Ul 


1,900,000 


2.66 


2.40 


2.13 


1.86 


1.60 


1.33 


2.000.000 


2.71 


2.44 


2.17 


1.90 


1.63 


1.36 



working of the boiler, local contractive stresses in the material, 
want of flexibility in connecting pipes, etc. Careful layout of the 
piping of single units and batteries of boilers, all will agree, is of 
paramount importance. Every care should be taken to ensure reason- 
able flexibility at all points with ample clearance for expansion and 
contraction, thereby avoiding imnecessary straining of the boiler. 

The strains set up in the connecting pipes when cold, often become 
manifest by the springing back of sections when disconnecting them 
for repairs, and often the bolts fracture under the load required 
to reseat the nipples. Long bolts which pass through the boiler 
sections sometimes deteriorate by corrosion and the holes fill up 
with carbonized material, and often require considerable force to 
remove them and, not infrequently, recourse to the saw. It there- 
fore appears desirable that bolts should be provided with ample sec- 
tional area to allow for deterioration, the holes made with plenty of 
clearance, and both protected as far as possible from the influence 
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of the fire, etc. Short bolts, being placed outside the sections, are 
not subject to the influence of the fire, and are easy to disconnect 
or replace. 

Durability of heating apparatus, particularly of the boiler, is a 
matter of first importance. It is often remarked that cast sectional 
boilers are not so durable as wrought iron saddle boilers, and many 
instances where the former require replacement after a compara- 
tively short working life, tend to support this opinion. Some time 
ago a cast sectional boiler replaced a saddle boiler which had been 
in service 34 years, and was still in excellent condition ; apart from 
the question of fuel economy, it was still useful for further years of 
service. In another instance, a saddle boiler which had been in 
operation about 30 years was replaced by a cast sectional boiler, 
and the latter required renewing after about nine years service. It 
is such cases which cause misgiving in the minds of users, and 
probably members can quote many similar cases. I think this ques- 
tion requires careful consideration. Members would materially 
assist by citing authentic cases of long life, and the contributory 
cause of failure of others which have to be renewed after a com- 
paratively short working service. Information of this character is 
of the greatest value to designers, engineers and manufacturers, and 
I feel sure the latter would welcome such information and give 
every assistance in their power to ensure durability at all parts of 
the boiler. 

A few instances of deterioration in boilers which have come under 
my personal observation will be of interest. In some boilers I have 
noted that "thinning" of metal occurs at the bottom of the sections 
in the firebox. In some cases, when tested by drilling or breaking 
up the section, the metal has often been found to be not more than 
1/16 in. thick. Considerable scaling has been observed in the upper 
parts of the sections, particularly where inaccessible for cleaning, 
etc. Often it has been noted that when the scale is removed, leak- 
age develops. Many reasonable explanations have been advanced, 
such as, corrosion inside the section by action of water, etc. ; abra- 
sive action of the fuel, and careless use of stoking and cleaning 
tools; corrosion due to condensation combining with fuel in fire- 
box and soot, etc., in the flue passages; dampness and occasional 
flooding of the heating chamber, etc. 

The deepening of the ashpit by excavation or by raising the 
boiler on brickwork is generally recommended. In cases where the 
additional height can be permitted, it would be better to increase 
the depth of the boiler stand. I recommend the adoption of two 
patterns, one say, the usual standard and the other, say, about 4 in. 
deeper, the manufacturer quoting the extra cost of the latter. 

There are many other interesting points in connection with this 
subject which require consideration, and probably many of these 
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DISCUSSION 

P. M. O'Connell: — One thing interesting in this article is the 
fact that abroad the boilers must be built more substantially than 
in this country. I notice a very high pressure is carried. 35 lb. is 
rather extreme in this country for cast-iron boilers. I notice this 
paper does not speak of the way ^st-iron boilers should be con- 
nected up. I have been wondering if it would not be an advantage 
to the trade if the manufacturers of cast-iron boilers would show 
us what they recommend. I refer to the way return connections 
are made. I saw numerous cases where the return was connected 
on one side of a cast-iron boiler. I have found that this is the 
cause of cracking of sections in some instances. 

J. A. Donnelly: — I have observed some curious things about 
this cracking of cast-iron boilers. Cast iron as a material for oper- 
ating under pressure has some peculiarities. Very often hot water 
heating boilers will crack about 2 a. M. when the fire is cooling 
down after the dampers have been closed, the time when you would 
least expect it. Other times they will crack during the process of 
firing up. Cast-iron boilers and radiators that test sometimes to 
50 and 60 lb. will on re-test crack at 40 lb. It may be that these 
were used at too low a factor of safety. Cast-iron boilers have 
recently been light in some particulars and it may be that we are 
getting a little thinner iron. I do believe as well that we are getting 
a better iron. 

Some boilers which have cracked lately dp not seem to have 
cracked because of low water, and the causes are, in fact, rather 
mysterious. Occasionally evidence has been found which supports 
the theory that the core may have been left in them. 

H. M. Nobis: — Are the boilers here the same manufacture in 
each case? 

The President : — I do not believe we have any means of knowing. 

H. M. Nobis: — iWe installed two boilers at a certain place and 
after a while one of the boilers blew out and didn't let any water 
go into the boiler. We have a man operating the valves during 
the day and one during the night time, and it was probably a case 
where the gage stuck in the valve. 

J. F. McIntire: — A most important thing is that a great many 
people in the heating business do not realize that steam is formed 
in a hot water boiler. They think because they are hot water 
boilers they always have water in them. Those bubbles are work- 
ing to the top of the boiler and if there is a place in the boiler for 
the bubbles to collect, a steam pocket is formed in the boiler. I 
believe most cast-iron boilers are today designed to take care of 
that condition. 

Another point very often overlooked is the fact that a precipitation 
that will form a scale is possible in a hot water boiler. Very often 
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boiler manufacturers will receive a section back and will find a 
very heavy scale, and on writing to the customer that there was 
scale on the boiler, will receive an answer saying it was a hot water 
boiler and therefore could have no scale. 

G. C. Blackmore: — As a manufacturer of cast-iron boilers, I con- 
sider the cracking a very small matter. Of course there are many 
cases due to bad installation, and bad piping will also cause cracking, 
but from our standpoint the percentage of loss is small. There are 
a great many more boilers used today than in the past and we may 
hear of these cracked sections oftener, but the percentage of cracking 
is getting smaller so far as we are concerned. 
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CONSERVATION OF COAL BY SAVING 

EXHAUST STEAM IN THE TEXTILE 

INDUSTRIES 

By William B. Hoyt. Boston, Mass. 
Member 

THE purpose of this paper is to cover, briefly and in general 
terms, the apparently unnoticed waste of heat, in the form 
of exhaust steam, which occurs in the large majority of power 
plants in the textile industry. In some scattered instances an attempt 
to use this waste has been made but, due to the crude or unsuitable 
apparatus and an ignorance of the requirements of the process or 
processes, a small percentage of the saving, compared to ultimate 
possible saving, has been accomplished. 

For convenience, a classification of the plants in order of their 
product and the treatment of them separately, will help in clarifying 
the subject, as follows: 

Felt Mills — ^manufacturing paper makers, felts and jackets, laundry 

machine felts, etc. 
Woolen Mills — manufacturing men's wear, overcoatings, cloakings, 

blankets, upholstering stuflFs and woolen cloth of all sorts. 
Knitting Mills — manufacturing underwear, sweaters, etc. 

The majority of the plants are of medium size and operate with 
reciprocating engines, run non-condensing. A very few of them are 
run condensing. Some of the larger plants, having turbines, run 
condensing. In either case, whether run condensing or non-con- 
densing, it is possible and practical to utilize the exhaust for process 
purposes, preceding the admission of the exhaust to either a jet 
or barometric type condenser. 

FELT MILLS 

The product of this type of mill is usually an all-wool fabric, 

heavy and bulky when it comes from the fulling operation and 

- larori» volumes of Vint water for thp w;ishinsr ooeration. 
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back or in front of these rolls, a pipe is located having a series 
of about ys in. holes, closely centered, and drilled in a line longi- 
tudinally. In operation, the fabric, in the form of an endless belt 
is placed between these rolls, the driving roll started up and the 
water supply valve opened to full pressure. The water, which is 
used in large volumes, has a temperature of about 160 deg. fahr. 
When three or four of these washers happen to synchronize on 
the hot water consiunption, the rate of flow will approximate from 
5,000 to 8,000 gal. of water per hour. 

In the majority of plants this amount of water is heated by means 
of live steam direct from the boiler, while the exhaust from engines 
or pumps, amounting to perhaps from 350 to 600 h.p. is used only 
for heating the feed water to the boilers and supplying a bank of 
coils in a forced heating and drying apparatus. In the heating 
season, all or a portion of this exhaust is, of course, used in the 
building heating system but, for at least seven months in a year, 
the equivalent of from 250 to 400 h.p. of live steam — ^under boiler 
pressure — is thrown away. This would amount to from 20 to 35 
per cent of the total boiler-horse-power generated; or the same 
value of the coal consumption absolutely wasted and — wasted with- 
out reason. 

WOOLEN MILLS 

The product of this type of mill is lighter and of a diflferent 
character from that of the felt mill, but the washing apparatus is 
approximately the same. In finishing this fabric, due to the care 
necessary in washing, comparatively a greater amount of hot water 
is used than in the felt mill. Also, added to the washer demand is 
that of the dye-room. Therefore, more hot water, in relation to 
the mechanical power generated, is used than in the felt mill. In 
this branch of the industry — if the exhaust steam utilizing apparatus 
is properly proportioned in its storage capacity and in scale with 
the heat producing capacity of the prime-mover — ^not one single 
bit of exhaust steam should be visible at any time of the year. 

KNITTING MILLS 

The product of this mill is the lightest of the three but, due to 
the nature of the product (underwear), it requires more thorough 
cleansing than any of the others. In this branch, on the hot water 
requirements, there occur not only the washing and dyeing loads, 
but a demand for bleaching as well. The mechanical power gen- 
erated is approximately in scale with the others. The hot water 
demand is, if anything, even greater in proportion. In fact, in 
many of these plants, the exhaust steam from the engine direct is 
not adequate to heat the water demanded. Great care should be 
taken in the design of apparatus to satisfy the requirements of 
these mills, as improper proportions will cause a large loss of heat. 
This would be mainly due to insufficient storage capacity — the 
instantaneous loads, in this type of mill are very high. 

In their operations and in the type of washing and dyeing equip- 
ment these diflferent mills are very similar. In general terms — ^their 
attempts at reclaiming the heat in the. exhaust, for purposes other 
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than heating the boiler feed water and the buildings, are also 
similar — ^very crude or non-existent. Therefore, at times of 
coal shortage and congested railway conditions, this field is one 
which should be given the active attention of plant owners. 

Dealing with the plants which have made an honest attempt to 
conserve the heat in the exhaust steam and to put this heat in their 
washing, dyeing and bleaching water, a description and criticism 
is given below. . 

a. In some cases a branch from the exhaust steam line has been 
brought over to the dye tub or washing machine and, when heat 
is needed, a valve in this line is opened and the exhaust steam 
turned directly into the water. This method is unsatisfactory in 
two respects — it is very slow in operation and only utilizes the 
exhaust at times and must be supplemented with live steam to get 
sufficient heat quickly. It necessitates considerable back-pressure 
on the prime-mover in order to force the exhaust steam to the 
point of use. 

b. An open tank is used and the exhaust steam is forced through 
a coil in the bottom of the tank. The objectionable points in this 
method are these — ^the hottest water, being lighter, rises to the 
upper portion of the tank and, as the outlet must be near the bottom 
of the tank, in order that the water held in storage may be avail- 
able for use, the hottest water is never touched directly but radiates 
its heat to the atmosphere. 

A boiler feed water heater connected to obtain a gravity circula- 
tion between it and an open tank is open to the same objections as 
method (&). 

c. An open or closed tank attached to or connected circulating 
with either a closed or open feed water heater and having a cen- 
trifugal pump in the circulating line will improve conditions to a 
slight extent but is open to a very serious objection — each time 
water is drawn, if it is in excess of the capacity of the exhaust for 
heating it to the desired temperature, the inrush of cool water coming 
from the heater will lower the temperature of the whole body in 
storage to a point where live steam must be used. Exhaust steam 
will then escape when the heavy draught is off. 

This also applies to any direct gravity storage system where the 
water is drawn from a point near the bottom of the storage tank. 

A method which is entirely practical, costing no more than the 
inefficient ones, and, at the same time, satisfying all the requirements 
of the duties outlined above ; which will appeal to the quick grasp 
of the modem business man as well as to that of the trained and 
alert engineer is — ^to have a tank, either of cast iron or boiler plate, 
of such size as to store sufficient water to absorb the heat of the 
exhaust steam when no water is being drawn; this tank to be 
of the closed type and under the pressure of the city mains, reser- 
voir or other source of supply ; to have the cold water inlet in the 
under side of the tank and the hot water outlet in the upper side. 
(Note that this method virtually separates the hot water from the 
cold and, being once heated, is not subject to agitation by the 
incoming^ cold water) : the heating surface to be of copper tubing 
of sufficient internal area as to cause no back-pressure on the prime- 
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mover and to be placed as low as possible in the tank where it 
will be submerged in the coldest water. In apparatus of this type, 
it is possible to get the contained water up close to the boiling 
temperature. This has the effect of reducmg the volumetric stor- 
age and increasing the thermal storage to such an extent that a 
tank of this type can be made much smaller than any open tank 
serving the same purpose. It also has the advantage of permitting 
the water to be drawn off the top zone where it js hottest and, at 
the same time, causing the incoming cold water to come in direct 
contact with the heating surface thus promoting a very rapid transfer 
of heat from the exhaust steam to the water. 

The cost of this apparatus, in 99 per cent of the installations can 
be written off the books within 18 months after it is put into 
operation. Its life is far greater than that of any open tank yet made. 
The reclamation of from 20 to 35 per cent of the coal piles in the 
yards of the textile plants in this country would go a long way 
indeed, in railway haulage, toward supplying the needs of our house- 
hold fires. 

NON-CONDENSING PLANTS 

It indeed seems strange that a mill will invest a considerable 
amount of money in a jet or barometric condenser to increase 
the efficiency of the prime-mover 10 per cent and overlook entirely 
the possibility of making the prime-mover practically 80 per cent 
efficient. In the one case, the heat of the exhaust goes into the 
cooling water and is ejected into the sewer or creek. In the other 
case, the installation of a properly designed hot water heater between 
the prime-mover and condenser, would furnish process water at 
a temperature of from 105 to 120 deg. fahr. This temperature is 
about as hot as it can be used for a number of the processes. 
Even so, it is better to heat water from 50 to 120 deg. fahr. with 
a waste product than to use direct boiler steam for this purpose. 

DYEING TEMPERATURES 

Since, in nearly all dyeing operations, the dye stuflF must be 
brought up to 212 deg. fahr., it therefore follows tluit the max- 
imum temperature, at which the initial operation can be started, 
is an important point. In some mills this temperature is 70 deg. 
fahr. In others, the dyer will start at from 120 to 140 deg. fahr. 
It seems to be a matter of personal preference with the dyer. 
Usage is perfectly all right until it spells waste; at that point it 
should be investigated and the maximum temperature determined. 
That is a point which should be determined by the dye manufacturer. 

BLEACHING 

Whether bleaching is done, either by means of a kier or directly 
in the machine, it is far better to use hot water from start to finish 
than to introduce cold water and heat it later with live steam. In 
kier work, after the desired temperature is obtained, exhaust steam 
can again be used in a small heater through which the liquid in the 
kier is circulated and kept up to the desired temperature — constantly 
and without danger of "flooding." 



Digitized by 



Google 



No. 537 

COMBUSTION 

By Morgan B. Smith,^ Detroit, Mich. 
Non-Member 

THE FORMATION OF COAL 

FAR back in the dimmest ages of this world's existence certain 
portions were covered with dense vegetation, probably great 
swamp areas, which no doubt rivaled our present-day tropical 
forests in luxuriance and extent. As season followed season this 
vegetation lived and died, each season adding a little to the slow 
accumulation of rotted vegetable matter until with the passing of 
century after century, masses hundreds of feet in thickness were 
laid down. During part of this time these areas were submerged ; 
at other times they were dry or comparatively so at least. Later 
through violent convulsions of the earth itself these masses were 
buried deeply and so became subject to intense heat and pressure, 
through which they were carbonized and compressed. 

If we examine coal as we know it, especially the lower forms like 
the lignite coals of the middle West, we will find that the mass is 
made up of the carbonized remains of plants and trees embedded 
together just as they died ages ago. In some cases stems of water 
plants are seen as arranged by. nature in beautiful symmetry of 
position in such a way that each plant received its share of sunlight 
and air, the arrangement being much like that of the squares of a 
checkerboard. The grain of wood is apparent ; the veins of leaves 
are clearly seen ; the structure of stems is preserved. 

So we know that coal had its origin in the vegetation of \ovvg ago. 
Peat is probably the first step in the formation of coal. TViVs yias 
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burn. To understand coal thoroughly we must take into account 
both constituents. 

The combustible matter in coal is exceedingly complex but for 
our purposes we can divide it into two parts, namely: the Fixed 
Carbon and the Volatile Matter. The fixed carbon is that portion 
which remains after moisture, ash, gases, tar, ammonia, sulphuric 
acid, etc., have been driven off by the application of heat. The 
volatile matter consists of gases, tar, ammonia, acids, oils, etc., 
which can be distilled from the coal. 

Combustible matter is that portion of coal which will unite with 
oxygen from air and burn with production of heat. It consists 
mainly of carbon and hydrogen, but may also include oxygen, 
nitrogen and sulphur. 

THE MEANING OF COMBUSTION 

By combustion we mean the rapid union of the combustible matter 
of coal with oxygen obtained from air. When air is brought into 
contact with combustible matter at a sufficiently high temperature, 
rapid union takes place, the combustible being "oxidized," with 
liberation of heat. Perfect combustion takes place when the com- 
bustible unites with the greatest possible amount of oxygen. In the 
case of carbon, this is true when it bums to form the gas known 
as Carbon Dioxide, or CO, gas. Imperfect combustion takes place 
when the combustible unites with less than the greatest possible 
amount of oxy|^en — in the case of carbon when it burns to form 
Carbon Monoxide, or CO gas. Perfect combustion is what we 
desire, for then we utilize fully all of the heat stored up in coal. 
If combustion is imperfect we do not utilize all of the heat. In 
order that this niay be clear let us consider briefly that which 
happens when the combustible matter of coal is burned : 

1. One pound of Carbon burned completely forms 3 2/3 lb. of CO, 
gas and liberates 14,544 B.t.u. 

2. One pound of Carbon burned completely in air forms 12.52 lb. 
of gas, the excess over 3 2/3 lb. being nitrogen from the air 
used. The same amount of heat will be liberated as in the case 
of combustion with oxygen. 

3. One pound of Carbon burned imperfectly in oxygen forms 

2 1/3 lb. of CO gas and liberates only 4,351 B.t.u. This is 
approximately 10,000 B.t.u. less than when combustion is 
perfect. 

4. CO gas will bum to form COg gas, in which case we generate 

10,193 B.tu. per lb. of carbon, or 4,368 B.t.u. per lb. of CO gas. 

5. Another possibility confronts us in buming coal. We may 
oxidize or bum the combustible matter to COj perfectly but 
through conditions in the furnace the COj may be reduced back 
to CO, i.e.; perfect combustion may be degraded back into 
imperfect combustion. In this case we lose heat units for this 
reaction does not liberate heat but on the contrary absorbs heat 
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and actually chills the fire. 5,842 B.t.u. are absorbed per lb. 
of carbon in the COj or 2,921 B.t.u. per lb. of carbon in the 
CO gas formed. 

6. We have Hydrogen still to consider. When one pound of 
Hydrogen Gas burns it forms 9 lb. of water vapor and lib- 
erates 51,892 B.t.u. if the initial temperature was 212 deg. 
f ahr. and the product is water vapor at the same temperature. 
If the products are condensed at 212 deg. fahr. more heat is 
liberated, namely: 60,626 B.t.u. Hydrogen in coal exists in 
the so-called volatile, or smoke-producing portion, from which 
it is evident that if we completely bum the volatile matter, we 
will also derive all of the available heat from hydrogen, and 
incidentally we will burn coal without smoke. 

In order that coal may be burned completely it is evident that we 
must supply the proper amount of oxygen, which we do by admitting 
air to our fire in regulated amount. 

THEORETICAL AMOUNT OF AIR REQUIRED 

Air is a mixture mainly of Oxygen, 21 per cent, and Nitrogen, 
79 per cent, both percentages being by volume. By weight the 
oxygen is 23 per cent and the nitrogen 77 per cent. 

One pound of Carbon requires for its combustion 2 2/3 lb. of 
oxygen, or 32 cu. ft. at 60 deg. fahr. 

The ratio of nitrogen to oxygen in air is 3.32, from which figure 
we find that the nitrogen in the air required to burn one pound of 
carbon is 8.85 lb. 

The total weight of air required per pound of Carbon is the sum 
of the oxygen and nitrogen which equals 11.52 lb. of air, or approxi- 
mately 12 lb. 

PRACTICAL AMOUNT OF AIR REQUIRED 

In boiler furnaces or any heating apparatus perfect combustion 
will not be attained if only the theoretical amount of air is supplied. 
We find that from 30 to 50 per cent more air is necessary, or from 
16 to 18 lb. In very few plants is the amount of air held down 
to so small an excess ; it more often runs from 106 to 200 per cent 
excess, or even as high as 400 per cent. Under such conditions 
great loss of heat results. Furnace temperatures are lowered; the 
boiler is chilled by the presence of much cold air ; the boiler makes 
less steam; the volume of gases going to the stack is greatly 
increased ; the stack is cooled and so produces less draft. By draft 
we mean the difference in pressure between the ash pit of the 
furnace and the base of the stack, or between any two points in the 
travel of the gases through the furnace. The hotter the stack, the 
greater the draft and the flow of air through the furnace is increased ; 
the cooler the stack the lower the flow. Excess air therefore means 
direct fuel loss because heat is used up in warming air unnecessary 
for the combustion of the fuel. 
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In order that the full heat of our fuel may be utilized we must 
admit air to the furnace in two ways, namely: tmder the fire to 
bum the fixed carbon, and over the fire to bum the volatile matter 
as it distils from the fuel. By regulating the two amounts of air, 
nearly perfect combustion can be attained. Air which finds its way 
into the furnace or into the boiler setting in ways other than 
through regulated inlets, is in excess of that needed to bum the 
fuel. The brickwork surrounding the boiler must be made air- 
tight so that unnecessary air cannot enter. 

HOW TO DETERMINE THE PROPER AMOUNT OF AIR 

If the amount of air supplied to the fire is correct, the gases will 
be rich in CO,, there will be no CO, and the amount of oxygen will 
be small. Analysis of the products of combustion will therefore give 
us much useful information. This can be done by means of simple 
gas analyzing apparatus, commonly called Orsat gas analyzers, or 
better by means of so-called CO^ recorders which draw a continuous 
curve showing the amount of CO, in the gases at all times. Under 
average conditions the amount of CO2 in the gases when the draft is 
properly regulated and the furnace temperatures are high, will run 
from 13 to 15 per cent. 

We will therefore adjust the draft until high CO, is attained 
along with high furnace temperatures. In this way efficient com- 
bustion will be attained. 

FURNACE TEMPERATURES 

In general, the higher the furnace temperature the greater the 
efficiency of combustion, i.e., the more nearly perfect it is. High 
COa and absence of CO result from higher fumace temperatures. 
This is attained by proper regulation of the amount of air supplied, 
or, as we say, draft regulation. Extremely high temperatures may 
be destructive to brickwork but cannot injure boiler tubes or sheets 
if they are kept clean and are always wetted by the water in the 
boiler. Clean tubes and drums also absorb more heat than dirty 
ones so that clean metal surfaces are doubly essential. Building up 
the CO2 may apparently increase the loss of heat to the stack if 
increased temperature only is considered, but the actual quantity of 
heat going up the stack may be lessened because the quantity of 
gases is greatly decreased. It is best, therefore, to know both the 
CO, and the temperature of the flue gases. 

WHAT CAUSES SMOKE? 

Smoke results when combustion is imperfect. It is usually caused 
by one or all of the following conditions : 

1. Lack of sufficient air to the fire. 

2. Lack of proper mixture of air with the furnace gases. 

3. Low furnace temperature. 

4. Too small ccwnbustion space, so that the gases reach the com- 
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paratively cool boiler surfaces before they are completely 
burned, resulting in condensation of soot and tarry matter 
which then passes up the stack in the form of smoke. 

Sometimes smoke results from very high furnace temperatures. 
Under such conditions we have very nearly the theoretical amount 
of air going to the fire, making difficult the proper mixmg of air 
with the combustible matter of the fuel. In such cases combustible 
matter passes up the stack in the form of smoke. 

COAL ASH 

It has already been stated that one of the principal constituents 
of coal is the ash, or that portion which will not combine with 
oxygen and bum. It therefore constitutes a dead loss in so far as 
heat value is concerned. 

In coal received from the mines we can distinguish between two 
forms of ash. One is a part of the coal structure and therefore 
"unavoidable." The other is not a part of the coal structure, but 
is present because the coal has not been properly cleaned at the 
mines. This is known as "avoidable" ash. It consists of slate, 
mine dirt and material swept up in railroad yards and thrown into 
coal cars as the easiest way of getting rid of it, etc. 

Let us see briefly what effect Ash has in the economical use 
of coal: 

1st. Ash directly reduces the heating value of coal, and as the 
percentage of ash increases, it becomes more difficult to completely 
bum the combustible matter in the coal and more combustible matter 
in the coal is thrown away along with the refuse from the fires. This 
may amount to 50 per cent of the total boiler refuse. This directly 
reduces the efficiency of the boiler. 

2nd. Reduction in boiler efficiency greatly increases the amount 
of coal which must be purchased in order that a given amount of 
heat may be utilized. With coal containing 21 per cent of ash, 
approximately 80 per cent more will be required than is the case 
with coal containing 4 per cent of ash ; and approximately 60 per 
cent more than with coal containing 10 per cent of ash. High ash 
coal is a direct financial loss to the consumer. 

Srd. High ash means that increased transportation equipment 
and coal handling apparatus must be supplied. In this country this 
past year, there was mined approximately 600,000,000 tons of coal, 
of which the railroads will haul 85 per cent. Hence for each 1 per 
cent of ash in coal over 10 per cent, the railroad must haul 5,000,000 
tons of unnecessary freight per year in this country, or 100,000 
cars of 50 tons each. Coal of 18 to 20 per cent ash requires approxi- 
mately 60 per cent more cars and locomotives than a reasonably 
clean coal, say of 10 per cent ash. In this country the unavoidable 
ash runs from 2 to 33 per cent, depending upon the source of the 
coal ; the general average for the entire country being 10 per cent 
of ash in clean coal. As a rule trouble from ash in the combustion 
of coal is not great until the amount passes 12 per cent. If through 
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legislation, or otherwise, the ash content of coal can be limited to 
10 per cent (the average avoidable ash for this country), far greater 
efficiency of combustion will be attained than is the case at present. 
Transportation will be reduced to a minimum, boilers can be oper- 
ated at fair efficiency, the number of boilers operated can be reduced 
about 50 per cent., and a considerable saving in money effected. 
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MINE FIRES, AND THE INERT GAS METHOD BY 
WHICH THEY MAY BE EXTINGUISHED 

By Joseph J. Walsh*. Wilkes- Barre, Pa. 
Non-Member 

THE method most suitable for extinguishing a mine fire is 
determined largely by the location of the fire and various 
other conditions connected therewith. The methods com- 
monly practiced in fighting a mine fire, are : First, the direct method, 
in which water or some prepared chemical is used; Second, the 
flooding method, in which the mine, or that portion in which the 
fire exists, is filled with water ; Third, the sealing method, in which 
advantage is taken of a condition created by the fire itself, namely, 
that the inert gases produced by combustion are imprisoned in the fire 
area by means of stoppings erected around the affected section. 
All of these methods are practicable and efficient when applied to 
certain fire conditions. 

There are conditions, however, surrounding the location of a 
mine fire, where the methods commonly practiced have failed ; such 
conditions may be found in crop fires, where it is pnictically impos- 
sible to exclude fresh air from the burning section, because of the 
broken strata, and the closeness of the fire to the surface. Fire, 
located in an inaccessible part of a mine furnishes another example 
of a condition that is difficult to overcome by the application of the 
commonly practiced methods. In all such cases fresh air, to a 
greater or less extent, will enter the fire area, and the products of 
combustion will leave it through the cracks and crevices. Several 
such fires now exist in the anthracite region, namely, at Plymouth, 
Carbondale, Raven Run and Summit Hill. By the application of 
the inert gas method, the conditions that make it difficult to extin- 
guish these fires by means of sealing, may be used to advantage. 

DESCRIPTION OF THE INERT GAS METHOD 

The inert gases used for the purpose of extinguishing a mine 
fire are chiefly carbon dioxide and nitrogen; in other words, they 
are the gases remaining after the oxygen is removed from the air 
as a result of combustion, and are produced by the burning of coal 
as shown by the plan in Fig. 1. 

* Mine Inspector, Wilkes-Barrc, Pa. 

Paper presented at the Semi-Annual Meeting of The American Society of Heating 
AND Ventilating Engineers, Pittsburgh, Pa., June, 1919. 
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The arrangement consists of an ordinary boiler furnace and the 
gases produced by combustion are conducted through cooling tubes 
(fr), immersed in water, thence to a fan (c), by means of \^hich, 
tiiey are forced into an airway leading into the mine, in which 
airway the gases may be further cooled by means of water sprays 
if found necessary. 

The volume of gas required for any particular fire will depend 
upon the area of the openings or crevices leading from the fire 
section, which can not be closed. However, a condition requiring 
more than 10,000 cu. ft. of gas per minute would be very unusual. 

The chief advantage claimed for this system is found in the 
fact that gas can be forced into the fire zone in sufficient volume to 
create a pressure within the zone, greater than that existing on the 
outside of the walls, as a result of which there will be no fresh 
air trouble from this source. The increased pressure will also 
prevent air entering the mine from the surface through the broken 
strata and thus the gases introduced for the purpose of extinguish- 
ing the fire will have free access to all parts of the enclosed area. 
It is deemed important that the gas should be kept flowing over the 
fire continually, since Otherwise air would gain access before the 
work of extinguishing the fire had been accomplished. To be suc- 
cessful, cooling must be continued long enough to preclude all 
danger of ignition after fresh air is admitted for the purpose of 
reclaiming the mine. 

SIZE OF PLANT FOR MANUFACTURE OF GAS 

As the size of the plant will be controlled by the volume of gas 
required each minute, it is assumed, in order to have a concrete 
problem, that 5,000 cu. ft. of gas will be required per minute. 

One square foot of fire grate will consume about 20 lb. of coal 
each hour, and as the weight of the gases produced by the com- 
bustion of 1 lb. of coal, with a 20 per cent excess air supply, which 
is allowable, will be 13.8 lb., the weight of the gas manufactured 

13.8 X 20 

each minute by a fire grate of 1 sq. ft. will be or 4.6 

60 
lb., or 57 cu. ft. Therefore, in order to manufacture 5,000 cu. ft. 

5,000 

of gas per minute it will require or about 88 sq. ft. of fire 

57 
grate. 

The coal fired per hour in the manufacture of this gas, after 
making a 30 per cent allowance for loss in the ash, will amount to 
about 2,288 lb. From this a plant of any desired size can be deter- 
mined by multiplying this unit grate. 

When manufacturing gas for the purpose of extinguishing a 
mine fire it is important that the oxygen content of the products of 
combustion should not exceed 4 to 5 per cent. To guard against 
air spaces in the fuel bed, a fine grade coal should be used, and the 
excess air supply should not greatly exceed 20 per cent. 



Digitized by 



Google 



420 Transactions of Am. Soc. of Heat. & Vent. Engineers 

Author's Note: On February 13, 1920, an experiment was conducted 
at the Upper Lehigh Colliery for the purpose of learning the effect produced 
on combustion by an air condition deficient in oxygen. The experimental 
plant consisted of an ordinary stove, having a grate area of about 1 sq. ft. 
and a conducting flue for the purpose of conveying the products of com- 
bustion from the stove to the ash pit of a furnace, the grate area of which 
is 66 sq. ft. The flue for about 8 ft. of its length was immersed in water 
for the purpose of cooling the hot gases, and the required draft was produced 
by means of a small hand fan attached thereto. 

About 1500 lb. of coal (buck) were heated to a white glow in the furnace 
grate. To prevent further combustion and carry off the heat contained 
in this coal, the products of combustion furnished by the stove fire were 
forced into the ash pit of the furnace. 

It was observed, after applying the gas for two or three minutes, that 
combustion was appreciably less active, and after applying the gas for 40 
minutes^ all evidence of combustion disappeared excepting at two spots, 
each of which about 2 in. in diameter. This evidence of combustion, which 
was located at the rear of the furnace, remained throughout the test which 
continued for one hour and 40 minutes, when it was decided to discontinue 
further application of the gas because of the poor condition of the fire in 
the gas producer. 

An examination was then made of the coal in the boiler furnace, and it 
was estimated that the fuel overlying about 40 per cent of the grate area 
was in such state that it could not be re-ignited by the application of fresh 
air, and that 60 to 75 per cent of the total coal was extinguished. 

A sample of the gases was collected about 15 minutes after operation 
commenced and a result of the analysis follows : 

Carbon dioxide 12.78 per cent 

Oxygen 2.67 per cent 

Carbon monoxide 1.11 per cent 

Nitrogen 83.44 per cent 

It is not certain, however, that the analysis represents the true percentage 
of oxygen and other components throughout the test, because it was dis- 
covered when approaching the completion of the experiment that by reason 
of a disarrangement in certain parts of the equipment, fresh air gained 
access to the gas flue. 

In all about 30 lb. of coal were used in the gas producer; therefore, using 
the figures in the above analysis, the total volume of gas applied to the 
furnace during the test was 6300 cu. ft., or 63 cu. ft. per min. 

The quality of the gas as shown by the analysis, and the cooling system, 
which reduced the temperature to 90 deg., were very satisfactory. No 
trouble was experienced in extinguishing burning material that had been 
saturated with oil. The volume of gas, however, was not sufficient to 
create a pressure within the furnace equal to that surrounding it. It is 
highly essential, to the success of the plan, that the greater pressure be 
maintained within the furnace to assure the elimination of fresh air trouble. 
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Rolla C. Carpenter was born near Orion, Michigan, June 26, 
1852. He received his early education in the district school and 
in the Pontiac High School, then entered the Michigan Agricul- 
tural College, where he received the degree of Bachelor of Science 
in 1873, and later the degree of Master of Science. In the interim 
he obtained the degree of Civil Engineer from the University of 
Michigan. 

From 1878 to 1890 he held the chair of mathematics and civil 
engineering at the Michigan Agricultural College, studying during 
his vacations under Professors Peabody and Lanza at the Massa- 
chusetts Institute of Technology and at Cornell University, where 
he received the degree of Master of Mechanical Engineering. 

In 1890, Professor Carpenter was elected Associate Professor 
of Engineering at Cornell University and, five years later, Pro- 
fessor of Experimental Engineering, which position he held at the 
time of his death. The mechanical laboratory, under his direction, 
expanded rapidly and here he built up a course of instruction in 
experimental engineering of such great scope and value that it has 
formed a pattern for similar courses in other colleges and technical 
schools and has markedly influenced the methods of teaching other 
sciences. 

In addition to his important work in the University, Professor 
Carpenter made valuable contributions to engineering literature, 
among these the book, Heating and Ventilating Buildings, which 
has gone through six revisions and has an extensive circulation, 
and the text-book, Experimental Engineering, which has been the 
leading manual on the subject. He held membership in eight of 
the leading engineering societies of America and was appointed to 
many positions of distinction. He was a member of the commis- 
sion appointed by the Academy of Science in 1915, at the request 
of the President of the United States, to investigate the slides at 
the Panama Canal and to make recommendations thereon. Another 
notable engineering activity with which he was closely identified was 
the Boiler Code Committee of the American Society of Mechanical 
Engineers, of which he was one of the original members. 

Professor Carpenter was a charter member of this Society and 
served as President in 1896. He gave freely of his interest and 
help and his kindness of manner and generosity in imparting his 
knowledge won for him a secure place in the esteem of his fellow 
members. He died at Ithaca, N'. Y., on January 19, 1919. 



422 

Digitized by 



Google 



INDEX 



PAGB 

Air and Gases, Dust Determinations in, by E. R. Knowles 101 

Air Conditioning the Home, Experiments in, by Emery R. Hayhurst 21 

Air Duct Design, by Leo Kraft 69 

Air Washing and Humidification for School Buildings, by Perry West Zl 

Allen, J. R., Test of the Conductivity of Window Shades, A 171 

Discussion of Code for Testing Low Pressure Heating Boil- 
ers 150, 151 

EMscussion on Engineering Economics of Heating 200 

Discussion of Limiting Fuel for Domestic Heating 183 

Discussion on Report of Committee on Research 225 

Discussion of Report of Committee on Research Bureau 9, 12 

Am MERMAN, C. R., Discussion of Capacities of Reducing Valves for 

Steam Heating Systems 362, 363 

Annual Meeting, The Twenty- Fifth 1 

Argument Concerning Mechanical and Natural Ventilation, The, by 

E. Vernon Hill 59 

Armagnac, a. S., Discussion of The Argument Concerning Mechani- 
cal and Natural Ventilation 66, 67 

Armspach, O. W. and Hill, E. V., Further Studies in Methods of Dust 

Determination 289 

Armspach, O. W., Discussion on A Comparative Study of Natural and 

Mechanical Ventilation for School Rooms 282,283 

Automatic Heat Control, Report of Committee on 163 

Automatic Roof Ventilators, Capacities of — Topical Discussion 174 

Automatic Sprinkler System for Hot-Water Heating, Utilization of, 

by A. W. Moulder 311 

Automatic Temperature Regulation, Fuel Conservation by Means of, 

by F. A. De Boos 153 

Bahnson, F. F., Discussion of Arrangement of Heating Pipes an Im- 
portant Factor in Decay of Factory Roofs 98 

Discussion on Report of Weather Bureau Committee 213, 214 

Barrows, G. S., Gas for Heating 325 

Discussion of Utilization of Automatic Sprinkler System for 
Hot Water Heating 323 



423 

Digitized by 



Google 



424 Index 

PACE 

» 
Bennitt, G. E., Discussion on Report of Committee on Research 230, 231 

Blackmore, G. C, Discussion of Cracking of Cast-Iron Sectional Hot 

Water Boilers 406 

Boilers, Cracking of Cast-Iron Sectional Hot Water, by C. R. Honiball 397 

Boilers, Heating, Clean-out Openings in — Topical Discussion / 139 

Boilers, Code for Testing Low Pressure Heating 143 

Booth, Charles A., Discussion of Air Washing and Humidification for 

School Buildings 55, 56 

Boyden, D. S., Discussion of Capacities of Reducing Valves for Steam 

Heating Systems 361 

Discussion of Report on Standard Rules for Computing Required 

Radiation , 392 

Bradley, Alexander, Industrial Uses of Superheated Steam 365 

Braemer, W. G. R., Discussion on Report of Weather Bureau Com- 
mittee ' 213, 214 

Brown, S. J., Discussion of Air Washing and Humidification for School 

Buildings 53, 54 

Discussion of The Arguments Concerning Mechanical and 

Natural Ventilation 65, 66 

BuDER, C. G., Discussion of Utilization of Automatic Sprinkler System 

for Hot Water Heating 320, 323 

Bureau, Weather, Committee of Eastern Pennsylvania Chapter, Report of. 209 

Bureau, Weather, Report of Committee to Confer with the 239 

By-Products Coke, by Wm. T. Harms 203 

Capacities of Automatic Roof Ventilators — Topical Discussion 174 

Capacities of Reducing Valves for Steam Heating Systems, by James 

A. Donnelly .* 357 

Carrier, W. H., Discussion of Arrangement of Heating Pipes an Im- 
portant Factor in Decay of Factory Roofs 98, 99 

Discussion of Mine Ventilation 135, 136, 138 

Cassell, J. D., Heating and Ventilating the Standard School House.. 349 
Cast-Iron Sectional Hot Water Boilers, Cracking of, by C. R. Honiball 397 

Chapman, F. T., Discussion on Report of Committee on Research 229 

Chapter, Eastern Pennsylvania, Report of Weather Bureau Committee of 209 
Chew, Frank K., Discussion of The Argument Concerning Mechanical 

and Natural Ventilation 65, 66 

Discussion of Capacities of Automatic Roof Ventilators 176 

Discussion of Code for Testing Low Pressure Heating 

Boilers 148, 149 

Discussion on A Comparative Study of Natural and Mechanical 

Ventilation for School Rooms 284 

Discussion of Heating and Ventilating the Standard School 

House 356 

Discussion on Report of Committee on Research 231 

Tvl^^..^-,:^-. __ D A. _r ixr__i.i r* r^ :i.x__ Oil 



Digitized by 



Google 



Index A25 

PAGE 

Coal, Conservation of. by Saving Exhaust Steam in the Textile Indus- 
tries, by W. B. HoYT : 407 

• Code for Testing Ix)w Pressure Heating Boilers 143 

Coke, By-Product, by Wm. T. Harms , ^ 

Combustion, by M. B. Smith 411 

Committee on Automatic Heat Control, Report of 163 

Committee on Research, Report of the 219 

Committee on School House Standards, Report of the 233 

Committee on Standard Method for Testing Radiators, Report of 13 

Committee of Eastern Pennsylvania Chapter,. Report of Weather Bureau 209 

Committee to Confer with the Weather Bureau, Report of 239 

Committee tcf Co-operate with the U. S. Navy Dept., Report of 243 

Comparative Study of Natural and Mechanical Ventilation for School 

Rooms, A, by Legg and Walker 273 

Computing Required Radiation, Report of Committee on Standard Rules 

for 385 

Conductivity of Window Shades, A Test of the, by J. R. Allen 171 

Conservation, Fuel, by Means of Automatic Temperature Regulation, 

by F. A. DeBoos 153 

Conservation of Coal by Saving Exhaust Steam in the Textile Indus- 
tries, by W. B. HoYT 407 

Cracking of Cast-iron Sectional Hot Water Boilers, by C. R. Honiball 397 

Dambach, W. N., Discussion on A Comparative Study of Natural and 

Mechanical Ventilation of School Rooms 286 

Davis, James H., Discussion of Arrangement of Heating Pipes an Im- 
portant Factor in Decay of Factory Roofs 98 

Discussion on A Comparative Study of Natural and Mechanical 

Ventilation for School Rooms 285 

Discussion o£ Gas For Heating 328 

Discussion of Utilization of Automatic Sprinkler System for 

Hot Water Heating 320 

De Boos, F. A., Fuel Conservation by Means of Automatic Temperature 

Regulation 153 

Decay of Factory Roofs, Arrangement of Heating Pipes an Important 

Factor in, by F. J. Hoxie ^ 

Department, Report of Committee to Co-operate with the U. S. Navy.. 243 

Design, Air Duct, by Leo Kraft ^^ 

Determination, Further Studies in Methods of Dust, by Hill and 

Armspach 2^^ 

Determinations, Dust, in Air and Gases, by E. R. Knowles ' Vr^ 

Dibble/ S. E., Discussion on Report of Committee on Research ^'^^ 

Domestic Heating, Limiting the Fuel for, by Konrad Meier ••• l*^^ 

^Nisr^LLY, James A., Capacities of Reducing Valves for Steam Heating 



Digitized by 



Google 



426 Index 

PAGE 

Discussion oS Industrial Uses of Superheated Steam J81, 382 

Discussion on Report of Committee on Research 226, 227 

Discussion of Report of Committee on Research Bureau .... 10, 11 
Driscoll, W. H., Discussion of Report on Standard Rules for Computing 

Required Radiation 394 

Dougherty, P. J., Discussion of Gcan-Out Openings in Heating Boilers 141 
Discussion of Code For Testing Low Pressure Heating Boil- 
ers 149, 150 

Discussion on Report of Committee on Research 227, 228, 229 

Duct Design, Air, by LEo Kraft 69 

Dust Determination, Further Studies in Methods of, by Hill and 

Armspach 289 

Dust Determinations in Air and Gases, by E. R. Knowles 101 

Easter, T. J., Discussion on By-Product Coke .-. . . 208 

Discussion of Gas for Heating 330 

Eastern Pennsylvania Chapter, Report of Weather Bureau Committee of 209 

Economics, Engineering, of Heating, by M. W. Ehrlich 185 

Ehrlich, M. William, Engineering Economics of Heating 185 

Discussion of Limiting Fuel for Domestic Heating 183, 184 

Engineering Economics of Heating, by M. W. Ehrlich 185 

Exhaust Steam in the Textile Industries, Conservation of Coal by Saving, 

by W. B. HoYT * 407 

Experiments in Air Conditioning the Home, by Emery R. Hayhurst.. 21 

Factory Roofs, Arrangement of Heating Pipes an Important Factor in 

Decay of, by F. J. Hoxie 89 

Fires, Mine, and the Inert Gas Method by Which They May Be Ex- 
tinguished, by J. J. Walsh 417 

Freudenthal, Dr. Wolff, Discussion of Air Washing and Humidifica- 

tion for School Buildings 50,51,52,53 

Fuel Conservation by Means of Automatic Temperature Regulation, by 

F. A. DeBoos 153 

Fuel, Limiting the, for Domestic Heating, by Konrad Meier 177 

Further Studies in Methods of Dust Determination, by Hill and 

Armspach 289 

Gases, Dust Determinations in Air and, by E. R. Knowles 101 

Gas For Heating, by G. S. Barrows 325 

Gas Method, Inert, by Which Mine Fires May Be Extinguished, by J. 

J. Walsh 417 

Hale, John F., Discussion on Classroom Ventilation 272 

Discussion on Report of Committee on Research 230 

Hallett, E. S., Discussion of Air Washing and Humidification for School 

Buildings 48,' 49, 50, 56 

Discussion of Code for Testing Low Pressure Heating Boilers 149 
Discussion of Mine Ventilation 136 



Digitized by VjOOQ IC 



Index 427 

PAGE 

Harding, L. A., Discuasion of Air Duct £>esign 87 

Discussion of Arrangement of Heating Pipes an Important Fac- 
tor in Decay of Factory Roofs 98 

Harms, Wm. T., By-Product Coke 203 

Hart, H. M., Discussion of Capacities of Reducing Valves for Steam 

Heating Systems .* 361, 362 

Discussion on A Comparative Study of Natural and Mechanical 

Ventilation for School Rooms .282, 283, 284, 285, 286 

Discussion of Gas for Heating 328, 329 

Discussion of Heating and Ventilating the Standard School 

House 355 

Discussion of Remodeling a Heating System 309 

Discussion on Report of Committee on Research 229, 230 

Discussion of Report on Standard Rules for Computing Required 

Radiation 393, 394 

Discussion of Utilization of Automatic Sprinkler System for 
Hot Water Heating 319,322,323 

Hayhurst, Emery R., Experiments in Air Conditioning the Home 21 

Haynes, W. J., Discussion of Utilization of Automatic Sprinkler System 

for Hot Water Heating 322, 323 

Heat Control, Automatic, Report of Committee on 163 

Heating and Ventilating Systems at the U. S. Government's Smokeless 

Powder Plant at Xitro, West Va., by G. W. Hubbard 333 

Heating and Ventilating the Standard School House, by J. D. Cassell 349 

Heating Boilers, Clean-Out Openings in — Topical Discussion 139 

Heating Boilers, Code for Testing Low Pressure 143 

Heating, Domestic, Limiting the Fuel for, by Konrad Meier 177 

Heating, Engineering Economics of, by M. W. Ehrlich 185 

Heating, Gas for, by G. S. Barrows 325 

Heating Pipes, Arrangement of, an Important Factor in Decay of Fac- 
tory Roofs, by F. J. Hoxie 89 

Heating System, Re-modeling A, by Helen R. Innis 305 

Heating Systems, Capacities of Reducing Valves for Steam, by James 

A. Donnelly 357 

Heating, Utilization of Automatic Sprinkler System for Hot-Water, by 

A. W. Moulder 311 

Hill, E. Vernon, Argument Concerning Mechanical and Natural Ven- 
tilation, the 59 

Discussion on Classroom Ventilation 272 

Discussion on A Comparative Study of Natural and Mechanical 

Ventilation for School Rooms 282, 283, 284, 285, 286 

Discussion on Report of Committee on Research 226, 232 

Hill, E. Vernon and Armspach, O. W., Further Studies in Methods 

of Dust Determination 289 

HoBBs, J. C, Discussion of Industrial Uses of Superheated Steam.. 383, 384 
Home, Experiments in Air Conditioning the, by Emery R. Hayhurst 21 
HoNiBALL, C. R., Cracking of Cast-iron Sectional Hot Water Boilers.. 397 
Hot Water Boilers, Cracking of Cast-Iron Sectional, by C. R. Honiball 397 



Digitized by 



Google 



428 Index 

PAGE 

Hot- Water Heating, Utilization of Automatic Sprinkler System for, by 

A. W. Moulder 31 1 

House, Heating and Ventilating the Standard* School, by J. D. Casseli- 349 

HoxiE, F. J., Arrangement of Heating Pipes an Important Factor in 

Decay of Factory Roofs 89 

HoYT, W. B., Conservation -of Coal by Saving Exhaust Steam in the 

Textile Industries 407 

Hubbard, G. W., Heating and Ventilating Systems at the U. S. Govern- 
ment's Smokeless Powder Plant at Nitro, West Va 333 

Humidification for School Buildings, Air Washing and, by Perry West 37 

Inert Gas Method by Which Mine Fires May Be Extinguished, by J. 

J. W^\LSH 417 

Industrial Uses of Superheated Steam, by A. Bradley 365 

Industries, Conservation of Coal by Saving Exhaust Steam in the Textile, 

by W. B. HoYT 407 

Innis, Helen R., Re-Modeling A Heating System 305 

KoiTHAN, W. S., Discussion of Air W'ashing and Humidification for 

School Buildings 54 

Knowles, E. R., Dust Determinations in Air and Gases 101 

Kraft, Leo, Air Duct Design 69 

Legg, F. G., and Walker, W. F., A Comparative Study of Natural and 

Mechanical Ventilation For School Rooms 273 

Limiting the Fuel for Domestic Heating, by Konrad Meier 177 

Little, E. R., Discussion of Report on Standard Rules for Computing 

Required Radiation 394 

Low- Pressure Heating Boilers, Code for Testing 143 

Lyle, J. I., Discussion on A Comparative Study of Natural and Mechani- 
cal Ventilation for School Rooms 282 

Discussion o£ Industrial Uses of Superheated Steam 382 

Discussion on Report of Committee on Research 232 

Discussion of Report of Committee on Research Bureau 9, 10, 11, 12 

McCoLL, J. R., Discussion on A Comparative Study of Natural and 

Mechanical Ventilation for School Rooms 282, 285, 286 

Discussion on Further Studies in Methods of Dust Determina- 
tion . . . . : 302, 303 

Discussion of Gas for Heating 329 

Discussion on Report of Committee on Research 222, 226 

Discussion of Utilization of Automatic Sprinkler System for 

Hot Water Heating 320, 323 

McIntire, J. F., Discussion of Cracking of Cast-iron Sectional Hot 

^ir_x__ T>«M AfiQ. Ar\f\ 



Digitized by 



Google 



Index 429 

PAGE 

Mechanical and Natural Ventilation, The Argument Concerning, by 

E. Vernon Hill 59 

Mechanical Ventilation For School Rooms, A Comparative Study of 

Natural and, by Lego and Walker 273 

Meeting, The Twenty-Fifth Annual 1 

Meeting, The Twenty-Fifth Semi-Annual 215 

Meier, Konrad, Classroom Ventilation 265 

Meier^ Konrad, Limiting the Fuel for Domestic Heating 177 

Methods of Dust Determination, Further Studies in, by Hill and 

Armspach 289 

Miles, J. C, Discussion of Utilization of Automatic Sprinkler System 

for Hot Water Heating 320 

Mine Fires, and the Inert Gas Method by Which They May Be Ex- 
tinguished, by J. J. Walsh 417 

Mine Ventilation— Topical Discussion 133 

Method for Testing Radiators, Report of Committee on Standard 13 

Moulder, A. W., Utilization of Automatic Sprinkler System for Hot- 
Water Heating 311 

Myrick, James W^ H., Discussion of Capacities of Automatic Roof 

Ventilators 174, 175, 176 

Natural and Mechanical Ventilation For School Rooms, A Comparative 

Study of, by Legg and Walker 21Z 

Natural Ventilation, The Argument Concerning Mechanical and, by 

E. Vernon Hill 59 

Navy Dept., Report of Committee to Co-operate with the U. S 243 

Newport, Charles F., Discussion of Code for Testing Low Pressure 

Heating Boilers 149, 151 

Nichols, George B., Discussion of Air Washing and Humidification for 

School Buildings 54, 55 

Nitro, West Va., Heating and Ventilating Systems at the U. S. Govern- 
ment's Smokeless Powder Plant at, by G. W. Hubbard 133 

Nobis, H. M., Discussion of Cracking of Cast-Iron Sectional Hot Water 

Boilers 405 

Discussion of Gas For Heating 329 

Discussion on Report of Committee on Research 225,226 

Discussion of Utilization of Automatic Sprinkler System for 
Hot Water Heating 320, 322 

O'Connell, P. M., Discussion of Cracking of Cast-Iron Sectional Hot 

Water Boilers 405 

Discussion of Gas for Heating 329 

Discussion of Heating and Ventilating the Standard School 
House 355 

Openings, Clean-Out, in Heating Boilers— Topical Discussion 139 



Digitized by VjOOQ IC 



430 Index 

PACE 

Pennsylvania Chapter, Eastern, Report of Weather Bureau Committee of 209 
Pipes, Heating, Arrangement of an Important Factor in Decay of Fac- 
tory Roofs, by F. J. Hoxie 89 

Powder Plant at Nitro, West Va., Heating and Ventilating Systems at 

the U. S. Government's, by G. W. Hubbard 333 

Program of the Twenty-Fifth Annual Meeting 1 

Program of the Twenty-fifth Semi- Annual Meeting 217 

Radiation, Report of Committee on Standard Rules For Computing 

Required 385 

Radiators, Report of Committee on Standard Method for Testing 13 

Reducing Valves for Steam Heating Systems, Capacities of, by James 

A. Donnelly 357 

Regulation, Automatic Temperature, Fuel Conservation by Means of, 

by F. A. DeBoos 153 

Re-modeling A Heating System, by Helen R. Innis 305 

Report of Committee on Automatic Heat Control 163 

Report of Committee on Research 219 

Report of Committee on School House Standards 233 

Report of Committee on Standard Method for Testing Radiators 13 

Report of Committee on Standard Rules for Computing Required 

Radiation 385 

Report of Committee to Confer with the Weather Bureau 239 

Report of Committee to Co-operate with the U. S. Xavy Dept 243 

Report of Weather Bureau Committee of Eastern Pennsylvania Chapter 209 
Required Radiation, Report of Committee on Standard Rules for 

Computing 385 

Research, Report of the Committee on 219 

Riley, C. L., Discussion of Gas for Heating 329 

Roof Ventilators, Automatic, Capacities of — Topical Discussion 174 

Roofs, Factory, Arrangement of Heating Pipes an Important Factor in 

Decay of, by F. J. HoxiE 89 

Rooms, A Comparative Study of Natural and Mechanical Ventilation 

for School, by Legg and Walker 273 

Rules for Computing Required Radiation, Standard, Report of Com- 
mittee on 385 

Saving Exhaust Steam in the Textile Industries, Conser\'ation of Coal 

by, by W. B. Hoyt 407 

School Buildings, Air Washing and Humidification for, by Perry West 37 
School House, Standard, Heating and Ventilating, by J. D. Cassell.. 349 

School House Standards, Report of the Committee on 233 

School Rooms, A Comparative Study of Natural and Mechanical Ven- 
tilation For, by Legg and Walker 273 

Scott, E. A., Discussion of Capacities of Automatic Roof Ventilators.. 176 

Semi-Annual Meeting, The Twenty-Fifth 215 

Seward, P. H., Discussion of Clean-Out Openings in Heating Boilers 141, 142 
Discussion of Code for Testing Low Pressure Heating Boilers 148 

Shades, Window, A Test of the Conductivity of, by J. R. Allen 171 

Smith, M. B., Combustion 411 



Digitized by 



Google 



Index 431 

PAGE 

Smokeless Powder Plant at Nitre, West Va., U. S. Government's, Heat- 
ing and Ventilating Systems at the, by G. W. Hubbard 333 

Sprinkler System for Hot-Water Heating, Utilization of Automatic, by 

A. W. Moulder 311 

Standard Method for Testing Radiators, Report of Committee on 13 

Standard Rules for G>mputing Required Radiation, Report of Com- 
mittee on 385 

Standard School House, Heating and Ventilating the, by J. D. Cassell.. 349 

Standards, Report of the Committee on School House 233 

Steam Heating Systems, Capacities of Reducing Valves for, by James 

A. Donnelly 357 

Steam, Industrial Uses of Superheated, by A. Bradley 365 

Steam in the Textile Industries, Conservation of Coal by Saving Ex- 
haust, by W. B. HoYT 407 

Studies in Methods of Dust Determination, Further, by Htll and 

Armspach 289 

Study of Natural and Mechanical Ventilation for School Rooms, A 

Comparative, by Legg and Walker 273 

Superheated Steam, Industrial Uses of, by A. Bradley 365 

System for Hot- Water Heating, Utilization of Automatic Sprinkler, 

by A. W. Moulder 311 

System, Re-Modeling a Heating, by Helen R. Innis 305 

Systems, Capacities of Reducing Valves for Steam Heating, by James 

A. Donnelly 357 

Systems, Heating and Ventilating, at the U. S. Government's Smokeless 

Powder Plant at Nitro, West Va., by G. W. Hubbard 333 

Temperature Regulation, Fuel Conservation by Means of Automatic, 

by F. A. DeBoos 153 

Test of the Conductivity of Window Shades, A, by J. R. Allen 171 

Testing, Code for Low Pressure Heating Boilers 143 

Testing Radiators, Report of Committee on Standard Method for 13 

Textile Industries, Conservation of Coal by Saving Exhaust Steam in 

the, by W. B. Hoyt 407 

Tim MIS, W. S., Discussion of Arrangement of Heating Pipes An Im- 
portant Factor in Decay of Factory Roofs 97,98 

Topical Discussion— Capacities of Automatic Roof Ventilators 174 

Topical Discussion— Clean-Out Openings in Heating Boilers 139 

Topical Discussion — Mine Ventilation I33 

Twenty-Fifth Annual Meeting, The 1 

Twenty-Fifth Semi-Annual Meeting, The 215 

U. S. Government's Smokeless Powder Plant at Nitro, West Va., Heat- 
ing and Ventilating Systems at the, by G. W. Hubbard.'. 333 

U. S. Navy Dept, Report of Committee to Co-operate with the 243 

Uses of Superheated Steam, Industrial, by A. Bradley *.** 355 

Utilization of Automatic Sprinkler System for Hot-Water Heating, by 

A. W. Moulder * ^u 



Digitized by VjOOQ IC 



432 Index 

PAGE 

Valves, Capacities of Reducing, for Steam Heating Systems, by James 

A. Donnelly 357 

Ventilating Systems, Heating and, at the U. S. Governments Smokeless 

Powder Plant at Nitro, West Va., by G. W. Hubbard 333 

Ventilating the Standard School House, and Heating, by J. D. Cassell 349 

Ventilation, Classroom, by Konrad Meier 265 

Ventilation For School Rooms, A Comparative Study of Natural and 

Mechanical, by Legg and Walker 273 

Ventilation, Mine — Topical Discussion 133 

Ventilation, The Argument Concerning Mechanical and Natural, by 

E. Vernon Hill 59 

Ventilators, Capacities of Automatic Roof — Topical Discussion 174 

Walker, J. H., Discussion of Capacities of Reducing Valves for Steam 

Heating Systems 361, 363 

Walker, W. F., and Legg, F. G., A Comparative Study of Natural and 

Mechanical Ventilation for School Rooms 273 

Walsh, J. J., Mine Fires, and the Inert Gas Method by Which They 

May Be Extinguished 417 

Weather Bureau Committee of Eastern Pennsylvania Chapter, Report of 209 

Weather Bureau, Report of Committee to Confer with the 239 

Weinshank, Theodore, Discussion of Air Washing and Humidification 

for School Buildings 56, 57 

Discussion of Mine Ventilation 134, 135, 136, 137 

West, Perry, Air Washing and Humidification for School Buildings 37 

Discussion of Experiments in Air Conditioning the Home 35 

Discussion of Fuel Conservation by Means of Automatic Tem- 
perature Regulation 159, 160 

Discussion of Gas for Heating 329, 330 

Discussion on Report of Committee on Research 223^ 224, 225 

Discussion of Utilization of Automatic Sprinkler System for 

Hot Water Heating 319 

Wetherell, H. R., Discussion of Industrial Uses of Superheated Steam. 382 
Discussion of Report on Standard Rules for Computing Re- 
quired Radiation 390,391,392,395,396 

Williams, H. L., Discussion on Engineering Economics of Heating 202 

Discussion of Fuel Conservation by Means of Automatic Tem- 
perature Regulation 159 

Discussion of Mine Ventilation 135 

WinHnw <;haHpQ A ^ — ^ -' ' '^-"'' • • ^ ^-r T R, AlLEN 171 



Digitized by 



Google 



Digitized by VjOOQ IC 



;' 

\ u 



^ [ 



Digitized by 



Google 






COUNTWAY LIBRARY 



HC MS5B A 




Digitized by VjOOQ IC 



Digitized by 



Google 



